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LIST OF ABBREVIATIONS 
CAL         -      Clinical Attachment Level 
CD           -     Cluster Differentiation 
Cpn           -     Chaperonin 
CRP       -    C Reactive Protein 
ELISA      -      Enzyme Linked Immuno Sorbent Assay 
GCF         -      Gingival Crevicular Fluid 
GroEL       -     Growth of Escherichia Coli Large 
HSP          - Heat Shock Protein 
HumHSP  -       Human Heat Shock Protein  
ICAM       -       InterCellular Adhesion Molecule 
IFN           -       Interferon  
Ig              -       Immunoglobulin 
IL              -       Interleukin 
LPS           -      Lipopolysaccharide 
MHC        -       Major Histocompatibility Complex 
MMP       -        Matrix Metalloproteinase 
MycHSP  -        Mycobacterial Heat Shock Protein 
NK           -       Natural Killer  
PAMPs     -       Pathogen Associated Molecular Patterns  
PBMC      -        Peripheral Blood Mononuclear Cells 
PBS          -        Phosphate Buffered Saline 
PPD         -        Periodontal Probing Depth 
RA           -        Rheumatoid Arthritis 
RANKL  -         Receptor Activator of Nuclear Factor – κ B Ligand 
STAT       -        Signal Transduction and Activation of Transcription 
T reg        -         Regulatory T Cell 
TCR         -        T Cell Receptor 
TGF         -         Transforming Growth Factor 
Th             -        Helper T Cell 
TLR          -       Toll Like Receptor 
TNF          -        Tumor Necrosis Factor 
VCAM      -       Vascular Cell Adhesion Molecule 
WBC        -        White Blood Cell 
Abstract:- 
Background: 
            Self antigens such as Heat shock protein 60 (HSP 60) have recently been 
implicated in the periodontal disease pathogenesis. There is scant evidence 
regarding HSP 60 in circulation and saliva following periodontal disease and its 
possible relation to systemic inflammation. 
Materials and methods:  
Forty five peripheral blood samples and saliva samples were collected 
from two groups of patients (periodontal health-Group A and periodontal 
disease- Group B). The serum, cell lysates, and saliva samples were used to 
detect and compare the HSP 60 levels in both the groups by Enzyme Linked 
Immuno Sorbent Assay (ELISA) technique. Statistical analysis was done using 
the student t test and Pearson’s correlation.  
Results: 
Circulatory HSP 60 significantly increases in periodontal disease 
compared to health. There was a significant correlation between the total 
circulating HSP 60 but not cell lysate and serum levels in periodontal disease. 
There was no significant association between salivary HSP 60 and periodontal 
disease or systemic inflammation. 
 
Conclusion: 
Circulating HSP 60 levels seem to play role in the systemic inflammatory 
state produced by periodontal disease. Salivary HSP 60 may not be used as a 
surrogate to determine systemic inflammation.                                                                             
Key words:  HSP 60, Periodontitis, Peripheral blood, Cell lysates, ELISA. 
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INTRODUCTION 
Periodontitis is defined as an inflammatory disease of the supporting 
tissues of the teeth caused by specific microorganisms or groups of specific 
microorganisms resulting in progressive destruction of the periodontal 
ligament and alveolar bone with pocket formation, recession or both.44 
Porphyromonas gingivalis, a gram negative anaerobic bacteria has been 
strongly implicated in the pathogenesis of chronic periodontitis, either singly 
or in combination with other red complex bacteria such as Tannerella 
forsythia, Treponema denticola.65 The major antigenic determinants of these 
pathogens are Lipopolysaccharides, capsule, fimbriae, outer membranous 
protein; etc.23 Although the inflammatory response in periodontal disease is 
evoked primarily in response to these exogenous antigens, structural 
similarities with host antigens may result in their activating the immune 
system through molecular mimicry.81  
Heat shock proteins (HSP) are perhaps, the most extensively 
investigated self antigens involved in periodontal disease. These proteins  are 
produced by cells in response to stress stimuli, including high temperature, 
mechanical stress, infection, surgical stress, oxidant and cytokine 
stimulation.40 They participate in vital physiological processes in the cell such 
as folding, assembly, and translocation of polypeptides across membranes and 
are hence referred to as molecular chaperones. HSP 60 or Cpn 60 is a 
mitochondrial chaperonin that assists in folding linear amino acid chains into 
 
 
 
Introduction  
 
2 
 
their respective three-dimensional structure. Human HSP 60 (HumHSP 60) 
and their bacterial counterparts share more than 50% amino acid sequence 
homology, as a result of which the immune system may be inadvertently 
activated against these self antigens.14 
Petit et al ,Ueki et al  have described a role for HSP 60 in periodontal 
disease. These authors have demonstrated an upregulation of HSP 60 
expression in gingival tissues affected by periodontal disease. A potential role 
for these proteins in the etiopathogenic process has also been proposed based 
on the structural similarity between HSP 60 (GroEL) of Porphyromonas 
gingivalis and human gingival fibroblast. HSP 60 was shown to induce 
secretion of proinflammatory cytokines in professional antigen presenting 
cells.79,27 HSP 60 increases the activation of T cells in primary stimulation and 
thereby perpetuates the overall inflammatory process.79  
HSP 60 has been identified in serum even though they are typically 
regarded as intracellular components. 56 The source of this freely circulating 
HSP 60 is not fully understood and has hence, been the object of much 
speculation among some investigators.57 Regardless of the source; circulating 
HSP 60 levels may assume clinical significance because it has been implicated 
in the etiopathogenesis of cardiovascular disease. HSP 60 has been reported to 
upregulate  E-selectin, ICAM 1, VCAM 1 expression and interleukin 6 
production in endothelial cells & thereby contribute to atheromatous plaque 
formation.34 
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 It is not yet known if periodontal disease contributes to this circulating 
HSP 60 although there is some evidence of a systemic spill over of several 
inflammatory mediators.25 It is also not clear if circulating HSP 60 contributes 
to the systemic inflammation observed in periodontal disease, as evidenced by 
increased hs CRP levels. 
 Saliva has been used as a diagnostic tool to investigate periodontal 
disease activity as it is readily available and contains locally produced 
microbial and host response mediators.54 Saliva can be collected noninvasively 
in large amounts, & with less patient discomfort, when compared to gingival 
crevicular fluid.31 Several inflammatory markers and host derived products in 
saliva such as IL-1, TNF α, MMPs, human neutrophil elastase, etc have been 
evaluated for use as markers for periodontal disease activity.39,70  However 
there is scant literature regarding the use of salivary HSP 60 as a biomarker. 
 In recent years saliva has been postulated to be capable of reflecting 
not only periodontal disease but also systemic diseases such as, 
Cardiovascular disease54  Rheumatoid arthritis, Sjogrens syndrome.11 There is 
insufficient evidence in literature regarding the reliability of using saliva as a 
surrogate for evaluating systemic inflammatory status and its mediators.21 
The purpose of this study is to estimate circulatory and salivary levels 
of HSP 60 in periodontal disease and to assess whether they correlate with 
each other and with the systemic inflammatory status. 
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AIMS AND OBJECTIVES 
 The objectives of the present study are, 
1) To estimate the circulatory levels of HSP 60 in periodontal health 
and disease. 
2) To identify whether circulating HSP 60 levels correlate with hs 
CRP in periodontal disease. 
3) To estimate the salivary levels of HSP 60 in periodontal health and 
disease. 
4) To correlate salivary HSP 60 levels with circulatory HSP 60 and hs 
CRP. 
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REVIEW OF LITERATURE 
Periodontal disease is characterised as a peripheral infection involving 
multiple species of gram negative organisms. The pathogenic species present 
in sub gingival biofilm release an array of virulence factors that can evade 
antibacterial host defence mechanisms and then cause damage to host tissue 
via immune or inflammatory interactions, which typically consist of  
neutrophils, monocytes/ macrophages, T cells and B cells. 
Socransky & Haffajee 1990 65 proposed the presence of complexes of 
bacteria residing  in dental plaque of which the red complex( Porphyromonas 
gingivalis, Tannerella forsythia, Treponema denticola) are thought to be 
closely associated with pathogenesis of periodontal disease.  
These red complex bacteria are involved in the production of many 
virulence factors, such as capsule, Lipopolysaccharide, fimbriae, GroEL heat 
shock protein, outer membranous protein of gram negative bacteria. These 
antigens are believed to result in activation of host immune and inflammatory 
responses, which involves the generation of cytokines, recruitment of 
inflammatory cells, and the activation of osteoclasts. 
It has recently been recognized, that many pathogens express virulence 
genes only when they are in their human or animal host. Handfield and 
coworkers 23  described an ingenious approach to distinguishing such 
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virulence factors. If a specific virulence factor were to play a role in the 
pathogenesis of infectious diseases, then that factor would be likely to elicit an 
antibody response in an individual with the disease which would not be 
observed in serum samples from subjects who did not have the disease. Using 
these techniques, there is increasing evidence regarding the role of self 
antigens in periodontal disease.   
Role of self antigens in periodontal disease:- 
In recent years it has been recognized that the immune response to self 
antigens may contribute to the disease process. High titres of anti collagen 
type I antibody have been identified in sera and collagen type specific T cell 
clones can be identified in infected gingival tissues in periodontitis.  
Exogenous antigens may themselves help to elicit responses from host 
self antigens in the following way. An exogenous antigen may present with 
structural similarities with certain host antigens; thus, any antibody produced 
against this antigen (which mimics the self – antigens) bind to the host 
antigens and amplify the human response. The most striking form of 
molecular mimicry is observed in Group B-hemolytic streptococci, which 
stores antigens in humans, and is responsible for the cardiac manifestations of 
Rheumatic fever. 
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The immune system can fail in one of three ways. 
1. Mistaken recognition of self antigens – autoimmunity 
2. An ineffective immune response – immunodeficiency. 
3. An overactive immune response – hypersensitivity. 
An essential requisite for the immune system is the ‘Immunological 
Tolerance’, which is the ability of an individual to differentiate ‘self’ from 
‘non-self’. This breakage leads to the Immune System mounting an effective 
and specific immune response against self determinants. The exact genesis of 
immunological tolerance is still elusive, but several theories have been 
proposed since the mid-twentieth century to explain its origin. There are three 
hypotheses in this regard,  
• Clonal deletion theory, proposed by Burnet, according to which self 
– reactive lymphoid cells are destroyed during the development of the 
immune system in an individual. 
• Clonal Anergy theory, proposed by Noooal, in which self – reactive 
T or B cells become inactivated in the normal individual and cannot 
amplify the immune response. 
• Idiotype Network theory, proposed by Jerne, wherein a network of 
antibodies capable of neutralizing self-reactive antibodies exists 
naturally within the body. 
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Tolerance can also be differentiated into ‘central’ and ‘peripheral’ 
tolerance, on whether or not the above checking mechanisms operate in the 
central lymphoid organs (Thymus and Bone marrow) or the peripheral 
lymphoid organs (lymph node, spleen etc., where self-reactive B-cells may be 
destroyed).If these tolerance mechanisms are  attenuated/reset;   then the host 
antigens start acquiring a pathogenic character. 
Molecular mimicry between bacterial and HumHSP may allow 
microorganisms to evade the host defenses. Immune responses to bacterial 
HSP may generate cross reacting immunity to self-HSP and precipitate 
damaging inflammatory responses   
Three models have been proposed to link microbial infections to 
subsequent autoimmune reactions involving HSP These models are based on 
(i) molecular mimicry between microbial HSP and HumHSP or constitutive 
proteins from the host, (ii) inflammation-induced exposure of cryptic cell 
epitopes that could be a target for immune reactions, and (iii) antigen 
persistence in infected sites leading to chronic immunological reactions. 
Major periodontopathic bacteria such as Porphyromonas gingivalis, 
Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum, 
Prevotella intermedia , Tannerella forsythia, and Campylobacter rectus are 
reported to produce HSP homologous to Escherichia coli GroEL. Bacterial 
HSP 60 ,termed GroEL, are major antigenic determinants during infection, 
and since human and bacterial HSP 60 have a 55% homology, it is possible 
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that immune response to bacterial challenge may result in cross reactivity by 
targeting host cells expressing HumHSP 60. 
Heat Shock Protein 60 and periodontal disease:- 
Heat shock proteins (HSP) are grouped in families according to their 
molecular mass, and the human and bacterial cognates are very similar, 
sharing more than 50% sequence homology at the amino acid level.  
In response to stress stimuli, including high temperature, mechanical 
stress, infection, surgical stress, and oxidant and cytokine stimulation, cells 
produced high levels of Heat shock protein to protect themselves against these 
unfavourable conditions40 They participate in vital physiological processes in 
the cell such as folding, assembly, and translocation of polypeptides across 
membranes and play a role in protein repair after cell damage. 
HSP 60 or Cpn 60 is a mitochondrial chaperonin that functions as a 
chaperonin to assist in folding linear amino acid chains into their respective 
three-dimensional structure. HSP 60 has been shown to be released from 
specific cells like peripheral blood mononuclear cells (PBMCs) when there are 
lipopolysaccharides (LPS) or GroEL present. This suggests that the cell has 
different receptors and responses to human and bacterial HSP 60.  In addition, 
it has been shown that HSP 60 has the capability of activating monocytes, 
macrophages and dendritic cells and also of inducing secretion of a wide range 
of cytokines.                           
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The HSP 60 was shown to induce a secretion of proinflammatory 
cytokines in professional antigen presenting cells and to enhance the activation 
of T cells in primary stimulation. HSP 60 is expressed on the surface of 
different eukaryotic cell lines increases the activation of T cells in primary 
stimulation. Although heat shock proteins are typically regarded as being 
intracellular they can be expressed on the surface of mononuclear cells77 and 
HSP 60 has been identified in serum of healthy individuals56  
A significant temperature elevation up to 2°C is observed in inflamed 
periodontal pocket. Moreover, it is known that several pro-inflammatory 
immune mediators are produced in the inflamed periodontal tissue. These 
stressors might cause an upregulation of endogenous HSP in the periodontal 
tissue of periodontitis patients.  
Lundqvist C et al. (1994)38 found the expression of HSP 60 to be 
higher in gingival epithelial cells of inflamed tissue samples from periodontitis 
patients compared with samples from periodontally healthy individuals.    
          Ando T et al. (1995)2 demonstrated that the serum from a periodontitis 
patient, contained antibodies that reacted with A actinomycetemcomitans, F. 
nucleatum, and P. nigrescens HSP 60 and/or HSP 70, suggesting that these 
proteins may be involved in the pathogenesis of periodontitis. 
          M.D.A. Petit et al 1999 53 investigated the proliferative responses of 
PBMCs of patients with periodontitis (n = 10) and controls with gingivitis(n = 
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12) to recombinant mycobacterial HSP 60 (MycHSP60) and HSP 70 
(MycHSP70), as well as recombinant human HSP 60 (HumHSP60) and HSP 
70 (HumHSP70) and also the proliferative responses to Candida albicans and 
purified protein derivatives of Mycobacterium (PPD). Mean responses to 
HumHSP 60, MycHSP 60, and HumHSP 70, MycHSP 70 were significantly 
lower for patients compared with controls. The level of IFN-γ in the 
supernatants of the cells stimulated with HSP’s was lower in the patients 
compared with controls. This concurs with the current hypothesis that 
periodontitis patients have a depressed Thl response. He found that with an 
increasing estimated subgingival bacterial load, periodontitis patients mount a 
decreasing immune response to HSPs, and the poor reactivity to HSPs may be 
a susceptibility factor for destructive periodontal disease and may need to be 
considered in the pathogenesis of this condition. 
Tabeta K et al. (2000)69 reported that gingival tissue extracts from 
healthy or periodontitis patients contain antibodies to the GroEL protein of 
Porphyromonas gingivalis. They also demonstrated that diseased periodontal 
tissues reacted more strongly to Porphyromonas gingivalis GroEL and human 
HSP 60 compared with healthy controls. The authors showed that periodontitis 
patients had a higher antibody titer against Porphyromonas gingivalis GroEL 
than did healthy subjects.  
K. Ueki (2002)73  demonstrated  that serum antibodies to both 
HumHSP 60 and Porphyromonas gingivalis GroEL were elevated in 
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periodontitis patients compared with healthy subjects. The stimulatory effect 
of human and bacterial HSP 60 on the production of tumour necrosis factor-α 
(TNF-α) was examined in phorbol myristate acetate stimulated THP-1 
cells(Human monocytic cell line). The activity of HSP 60 was inhibited by 
anti-CD14 and anti-Toll-like receptor 4 (TLR4) antibodies, suggesting that 
both CD14 and TLR4 mediate HSP 60 signalling. Immunohistochemical 
analysis demonstrated that HSP 60 is abundantly expressed in periodontitis 
lesions. Therefore, it is postulated that periodontopathic bacteria stimulate the 
cells in the periodontium to up-regulate the expression of HSP 60, which in 
turn may stimulate macrophage and possibly other cells to produce 
proinflammatory cytokines. These mechanisms may be involved in the 
chronicity and tissue destruction of periodontal disease. 
Hsp60 & immune Response in periodontal disease 
Immune responses to bacterial HSP may generate cross reacting 
immunity to self-HSP and precipitate damaging inflammatory responses. 
Endogenous rather than bacterial HSP are more likely to be involved in 
signalling innate responses in periodontal disease. 
Human but not periodontopathic bacterial HSP 60 can induce TNF-α 
production in macrophages and this activity is mediated at least in part by 
CD14 and TLR4, both of which are known to be LPS receptors. Bacterial 
homologue of HumHSP60, Porphyromonas gingivalis GroEL and 
Aggregatibacter actinomycetemcomitans GroEL did not show TNF-α inducing 
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activity.  Proinflammatory cytokine production induced by autologous HSP 60 
could be another pathway leading to periodontal tissue destruction. 
Petit MD et al. (1999)53 demonstrated that the level of IFN-γ 
production was significantly lower in the periodontitis group than in the 
control group.  NK T cells are recruited to down-regulate the autoimmune 
response against self-components such as HSP 60 
Argueta JG et al (2006 )4 investigated whether the Toll-like receptor 
(TLR) family plays a functional role as a Porphyromonas gingivalis GroEL 
receptor. Human macrophage-like THP-1 cells (Human monocytic cell line) 
were used and the nuclear factor-κB (NF-κB) activity of cells stimulated with 
a recombinant Porphyromonas gingivalis GroEL was measured with a 
luciferase assay. Flow cytometry analysis was used to determine the binding to 
THP-1 cells of fluorescein isothiocyanate (FITC)-labeled GroEL. He observed 
by luciferase assay that the purified recombinant GroEL was able to stimulate 
NF-κB transcriptional activity in THP-1 cells. Flow cytometry analysis 
showed that the FITC-labeled GroEL bound to THP-1 cells in a dose-
dependent fashion. He concluded that Porphyromonas gingivalis GroEL 
induces its intracellular signaling cascade in Th1 cells via TLR2 or TLR4 and 
via a combination of both receptors. 
Fukui M et al (2006)20 stated that Salivary IgA to GroEL may have a 
protective role by reducing the inflammatory response induced by GroEL 
derived from periodontopathogenic bacteria. 
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Yamazaki K et al (2002)80 demonstrated that HSP 60-specific T cells 
accumulated in the gingival lesions of periodontitis patients but not in 
gingivitis patients and that the T cell clones with an identical specificity to 
those in peripheral blood existed in periodontitis lesions. 
Choi JI et al (2004)9 showed that Porphyromonas gingivalis HSP 
reactive T cell immune response might be involved in immunopathogenesis of 
periodontal disease. They suggested that T cells in the circulating peripheral 
blood may home to periodontal lesions where Porphyromonas gingivalis have 
infiltrated potentially leading to T cell response cross reactive to mammalian 
HSP of gingival fibroblasts. 
Wassenar A et al (1995)76 described the cloning and characterization 
of CD4  and CD8 T lymphocytes isolated from inflamed gingival tissue 
obtained from four patients with chronic periodontitis. Clones were raised 
with phytohemagglutinin and interleukin-2 and tested for proliferation in 
response to whole-cell antigens of Porphyromonas gingivalis, Prevotella 
intermedia, Actinobacillus actinomycetemcomitans, human collagen type I, 
and two bacterial heat shock proteins using flow cytometry analysis. Most 
clones were reactive with P. intermedia, it seems that the immune response is 
not strictly directed against this particular microorganism, as clones reactive 
with one of the other bacteria were also obtained from two patients. He 
proposed that collagen-specific CD4 Th2-like T cells contribute to the 
chronicity of periodontitis but that their modes of activation might be 
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controlled by Th0-like T cells specific for periodontitis-associated bacteria, 
suggesting that autoimmune component might be involved in the pathogenesis 
of periodontitis. 
Yamazaki K, Ohsawa Y, Yoshie H. et al (2001) 81 showed that immune 
responses to auto antigens such as collagen Type I or HSP 60 is controlled by 
NK T cells through CD1 expression. 
K Yamazaki, (2004)82 determined whether periodontal treatment could 
influence the level of serum antibodies to HumHSP 60 and Porphyromonas 
gingivalis GroEL. Sera were obtained from 21 patients with moderate to 
advanced chronic periodontitis at the baseline examination and again after 
completion of treatment. Antibody levels were determined using an ELISA. 
The mean anti-P. gingivalis GroEL antibody levels were down-regulated 
significantly by periodontal treatment. The mean level of anti-human HSP60 
antibody remained unchanged although individual levels of antibody either 
increased or decreased after periodontal treatment, suggesting that synthesis of 
these antibodies might be regulated independently during the course of 
periodontal infection. 
 Kazuhisa Yamazaki,(2004)79  he examined the proliferative response 
of peripheral blood mononuclear cells (PBMC), as well as the cytokine profile 
and T-cell clonality, for periodontitis patients and controls following 
stimulation with recombinant HumHSP 60 and Porphyromonas gingivalis 
GroEL. The nucleotide sequences within complementarity-determining region 
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3 of the T-cell receptor (TCR) chain were compared between HSP 60-reactive 
peripheral blood T cells and periodontitis lesion-infiltrating T cells. 
Periodontitis patients demonstrated significantly higher proliferative responses 
of PBMC to HumHSP 60, but not to Porphyromonas gingivalis GroEL, than 
control subjects. The response was inhibited by anti-major histocompatibility 
complex class II antibodies. Analysis of the nucleotide sequences of the TCR 
demonstrated that HumHSP 60 - reactive T-cell clones and periodontitis 
lesion-infiltrating T cells have the same receptors, suggesting that HSP 60-
reactive T cells accumulate in periodontitis lesions. Analysis of the cytokine 
profile demonstrated that HSP 60-reactive PBMC produced significant levels 
of gamma interferon in periodontitis patients, whereas Porphyromonas 
gingivalis GroEL did not induce any skewing toward a type1 or type 2 
cytokine profile. He suggested that periodontitis patients have HumHSP 60 -
reactive T cells with a type 1 cytokine profile in their peripheral blood T-cell 
pools. 
Ford P et al (2005)18 examined the nature of the inflammatory 
infiltrate and the presence of HumHSP 60 and GroEL in 31 carotid 
endarterectomy specimens. HumHSP 60 expression was evident on 
endothelial cells and cells with the appearance of smooth muscle cells and 
lymphocytes  
T. Honda (2006)27 compared the gene expression profile of 
inflammatory mediators including proinflammatory cytokines and other 
 
 
Review of Literature  
 
 
17 
 
inflammatory molecules, and anti-inflammatory cytokines by using 
quantitative real-time polymerase chain reaction in gingivitis and periodontitis 
lesions. Interleukin (IL)-1β, interferon (IFN)-γ and RANKL, Transforming 
growth factor (TGF)-β1 tended to be higher in periodontitis, whereas tumour 
necrosis factor (TNF)-α and IL-12 , P 40, IL-10 and IL-4  showed no 
difference. Heat-shock protein 60 (HSP60) expression was up-regulated 
significantly in periodontitis. He concluded that autoimmune response to HSP 
60 may exert in periodontitis lesion, and suggest that perhaps subtle 
differences in the balance of cytokines may result in different disease 
expression. 
Jarjour WN  et al (1991)28, who suggested that the difference in the 
levels of anti-HSP antibodies seen in sera of patients with various rheumatoid 
and other inflammatory diseases compared to normal controls, could merely 
reflect disease-associated polyclonal B cell activation. Subsequent 
investigations have suggested that such antibodies or specific T cells against 
HSP were associated with immune and autoimmune diseases.  
K Tabeta (2000)68 examined the presence of antibodies to the 60-kD 
human and Porphyromonas gingivalis GroEL HSP 60 in the sera and inflamed 
gingival tissues of periodontitis patients. Western blot analysis clearly 
demonstrated that the number of periodontitis patients showing a positive 
response to  Porphyromonas gingivalis GroEL and it was higher than the 
number of periodontally healthy subjects. For HumHSP 60, a higher frequency 
 
 
Review of Literature  
 
 
18 
 
of seropositivity was found in the periodontitis patients than in the healthy 
subjects. In addition, the periodontitis patients demonstrated stronger 
reactivity compared with the healthy subjects. Quantitative analysis of serum 
antibodies by ELISA also demonstrated that the levels of antibodies in the sera 
of patients were significantly higher than those of control subjects. He 
suggested that molecular mimicry between GroEL of the periodontopathic 
bacterium Porphyromonas gingivalis and autologous HumHSP 60 may play 
some role in immune mechanisms in periodontitis. 
Young RA and Elliott TJ  (1989) 83 showed that through these cross-
reactive epitopes, T-cells with specificity for self-HSP can be activated during 
infection. Indeed, conserved HSP epitopes may trigger self-HSP reactive T-
cells, with disease-suppressive regulatory potential.                       
Methods of Hsp60 Detection in Periodontitis 
The increasing interest in HSP as markers of exposure to 
environmental stress or diseases requires a generally applicable method for 
HSP determination. There are many Classical methods that evaluate HSP at 
the protein level 
Enzyme-linked immunosorbent assay 
 It is a biochemical technique used mainly in immunology to detect the 
presence of an antibody or an antigen in a sample.  In ELISA an unknown 
amount of antigen is affixed to a surface, and then a specific antibody is 
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washed over the surface so that it can bind to the antigen. This antibody is 
linked to an enzyme, and in the final step a substance is added that the enzyme 
can convert to some detectable signal.  
Performing an ELISA involves at least one antibody with specificity 
for a particular antigen. The sample with an unknown amount of antigen is 
immobilized on a solid support (usually a polystyrene microtiter plate) either 
non-specifically (via adsorption to the surface) or specifically (via capture by 
another antibody specific to the same antigen, in a "sandwich" ELISA).  
After the antigen is immobilized the detection antibody is added, 
forming a complex with the antigen. The detection antibody can be covalently 
linked to an enzyme, or can itself be detected by a secondary antibody which 
is linked to an enzyme through bioconjugation. 
Between each step the plate is typically washed with a mild detergent 
solution to remove any proteins or antibodies that are not specifically bound. 
After the final wash step the plate is developed by adding an enzymatic 
substrate to produce a visible signal, which indicates the quantity of antigen in 
the sample. Older ELISAs utilize chromogenic substrates, though newer 
assays employ fluorogenic substrates enabling much higher sensitivity. ELISA 
is used to detect serum antibodies to periodontal pathogens and has been used 
in recent studies to quantify specific pathogens.                
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Handley HH et al (1995) 24 has examined by ELISA the serum IgG 
antibody levels to McyHSP 65  and HumHSP 60, as well as to the 
Escherichia coli HSP 60, GroEL, in patients with Rheumatoid arthritis, 
Systemic lupus erythematosus (SLE), Reiter’s syndrome, active tuberculosis, 
and normal controls. 
            Tabeta K et al (2001)69  demonstrated the presence of antibodies to the 
HSP 60 of Actinobacillus actinomycetemcomitans in the sera of periodontitis 
patients and periodontally healthy control subjects by enzyme-linked 
immunosorbent assay using a recombinant A. actinomycetemcomitans GroEL 
as an antigen. 
            Watanabe S et al (2003)76 established an ELISA system to measure 
anti-HSP 60 IgG and IgA antibody titer in sera of Rheumatoid arthritis 
patients 
            Goretzk Li et al (2006) 22 stated that immunoassays for the 
quantification of the HSP biological markers help to define more precisely the 
significance of heat shock proteins in cancer.  
          Shamaei-Tousi A et al (2007)63  measured plasma levels of HSP10, 
HSP60 by immunoassay and related to other plasma measures of 
inflammation. 
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Western Blot / Immunoblotting 
Many authors have demonstrated the expression of human and 
bacterial HSP 60 by western blot 64,55,36,37,2,74  It is a powerful method for 
detecting a particular protein in a complex mixture which combines the 
superior resolving power of gel electrophoresis, the specificity of antibodies, 
and the sensitivity of enzyme assays.  This multistep procedure is commonly 
used to separate proteins and then identify a specific protein of interest. Two 
different antibodies are used in this method, one specific for the desired 
protein and the other linked to a reporter enzyme. It is a technique for the 
analysis of proteins within the cell. Proteins are electrophoresed through a 
SDS polyacrylamide gel so as to separate the molecules according to size, and 
are then transferred to a membrane and hybridized with an antibody against 
the specific protein of interest.                       
Systemic inflammatory response in periodontal disease:- 
Chronic periodontal infections are associated with systemic changes to 
blood and blood forming organs. Periodontal disease is capable of 
predisposing to vascular disease given the abundance of gram negative species 
involved, easily detectable levels of proinflammatory cytokines, dense 
immune cell infiltrate involved, association of peripheral fibrinogen and white 
cell count, extent and chronicity of disease. 
 
 
Review of Literature  
 
 
22 
 
Lipopolysaccharide is released as extra cellular blebs from micro 
organisms within the periodontal pocket and may enter diseased periodontium. 
Bacteraemia may result in free LPS from periopathogenic bacteria being 
present in plasma. Bacteraemia results in gram negative micro organisms 
entering the circulation, where they might activate leucocytes, platelets or 
endothelium directly.  
It has been hypothesised that certain individuals may respond to a 
microbial challenge with an over exuberant or hyper reactive inflammatory 
response. This may be demonstrated by an increase in release of 
proinflammatory mediators when challenged by bacterial LPS. Peripheral 
blood monocytes from such individuals secrete 3-10 times more inflammatory 
mediators in response to bacterial LPS than normal individuals. 
According to Kinane DF and Lowe GDO (2000)32 Hyper reactive 
mononuclear phagocyte expression may be constitutive in susceptible 
individuals or may be induced in those with infections such as periodontal 
disease. Patients with periodontitis have peripheral monocytes that, when 
reacting with LPS give increased prostaglandin production. Hyper 
responsiveness may be induced by persistent infection of the periodontium, 
and this may have a role in the mechanistic link between periodontitis and 
atheroma formation.  
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Periodontitis can elicit a systemic inflammatory response by activating 
the hepatic acute phase response. This occurs presumable as a consequence of 
systemic appearance of transient and recurrent bacteremia of oral origin, 
which has been a long recognised characteristic of periodontal infections.  
Offenbacher S et al (1998)46 hypothesised that gram negative 
anaerobe pathogens from periodontium trigger release of biologically active 
mediators such as PGE2, and TNFα in circulation causing premature labour. 
According to Williams RC, Offenbacher Sl (2000)47 Cross sectional 
evidence indicates that periodontitis elicits a mild elevation in markers of 
acute phase response including C reactive protein, haptoglobin, alpha 1 
antitrypsin, and fibrinogen. The liver in response to systemic challenge of 
organisms secretes acute phase proteins. This acute phase response is triggered 
by blood borne oral LPS and oral bacteria which elicit release of cytokines IL-
6, TNF α. Markers of acute phase response associated with periodontitis and 
cardiovascular risk include C reactive protein, increase in WBC count, and 
increase in α1 anti trypsin, haptoglobin and fibrinogen and decrease in 
albumin 
Noack B  et al (2001)45 determined that CRP plasma levels are 
increased in periodontitis. Also, there are elevated levels of CRP associated 
with infection with subgingival organisms often associated with periodontal 
disease, including Porphromonas gingivalis, Prevotella Intermedia, 
Campylobacter rectus, Bacteriodes forsythus.  
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Havemose-Poulsen A et al (2005)25 reported an increase in the 
proinflammatory cytokines including IL-1α, IL-1β, IL-RA, IL-6, IL-10, TNF α 
levels in systemic circulation following periodontal disease 
Periodontal disease and circulating HSP 60 levels:- 
T-cell immune responses specific to bacterial or HumHSP 60 have 
been demonstrated in atherosclerosis. The host immune system primed by 
HSP of a major periodontal pathogen, such as Porphyromonas gingivalis, can 
cross-react with its cognate mammalian counterpart in gingival connective 
tissue or arterial walls.  
Wand-Wurttenberger A, (1991)77 demonstrated that although HSP are 
typically regarded as being intracellular, they can be expressed on the surface 
of mononuclear cells  and stressed aortic endothelial cells. 
Roman Kleindienst, in (1993)33 demonstrated that the intensity of HSP 
60 expression correlates positively with the atherosclerotic severity and that 
most lymphocytes participating in atherogenesis bear the α or β TCR, although 
γ or δ TCR+ cells are also enriched in atherosclerotic lesions. Expression of 
HSP 60 by intimal cells, caused, eg, by hemodynamic shear forces, may be 
responsible for recruitment of HSP-sensitized T cells, thus leading to the 
induction of an initiating inflammatory process in atherosclerosis. Other risk 
factors, such as high serum cholesterol levels, contribute to the final outcome 
of the disease. 
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 A. Graham Pockley (2000 ) 57 demonstrated HSP 60 was present in all 
of the patients with Boderline Hypertension, Circulating HSP 70 was 
detectable in 36 of the 65 individuals with Boderline Hypertension and 37 of 
the 75 control subjects. Anti– HumHSP 60, anti– HumHSP 60, and anti–
MycHSP 65 antibodies were detected in all of the Boderline Hypertension 
samples analyzed and also he analysed the relationships Among HSP, Anti-
HSP antibodies,I/M Thickness, Blood Pressure Levels, and Metabolic 
Variables. There were significant associations between HSP 60 and Diastolic 
Blood Pressure and 24-hour systolic BP and there was no significant 
association between HSP  or HSP antibody levels and BP parameters when the 
Boderline Hypertension and Normotensive groups were analyzed separately. 
Amir Kol (2000 )34  He  hypothesised that HSP 60 activates 
mononuclear cells and macrophages through CD14 signaling. As a measure of 
cellular activation, he assessed the cellular production of IL-6, an important 
proinflammatory cytokine and mediator of the acute phase response HumHSP 
60 induced the synthesis of IL-6 by PBMC. HSP 60 induced IL-6 similarly to 
optimal concentrations of Escherichia coli LPS. Preincubation of PBMC with 
an anti-CD14 Ab blocked IL-6 production in response to either HSP 60 or 
Escherichia Coli LPS. The anti-CD14 Antibody did not inhibit this response 
thus he demonstrated that CD14 mediates cellular activation induced by 
HumHSP 60. 
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Qingbo Xu et al (2000)78 demonstrated that markers of inflammation 
(C-reactive protein or soluble ICAM-1) and the presence of chronic infections 
are strongly associated with the development of atherosclerosis in the carotid 
arteries and also he demonstrated that the predictive significance of serum 
HSP 60 for atherosclerosis progression grows with laboratory and/or clinical 
evidence of chronic infection/inflammation. 
Pockley, A. Graham et al (2000)57 demonstrated that HSP 60, HSP 70 
and anti-HSP 60 antibody levels in hypertension were similar to those in 
normotensive controls, whereas anti-HSP 70 and anti-HSP 65 antibody levels 
were elevated HSP 60 levels and atherosclerosis were not associated. Anti-
HSP 70 and anti-HSP 65 antibody levels were both associated with 
hypertension, independently of age, smoking habits and blood lipids. 
Hannes Perschinka(2003)52 purified serum antibodies to Escherichia 
coli HSP 60 (GroEL), the 60-kD Chlamydial HSP, and HSP 65 of 
Mycobacterium tuberculosis by affinity chromatography from clinically 
healthy subjects with sonographically proven carotid atherosclerosis. 
Reactivity of the purified antibodies with overlapping HumHSP 60 peptides 
was measured, and 8 shared common epitopes, recognized by all anti-bacterial 
HSP 60/65 antibodies, were identified. Antisera specific for these cross-
reactive epitopes were produced by immunizing rabbits with peptides derived 
from HumHSP 60. By immunohistochemistry, the epitopes were found to be 
present in the arterial wall of young subjects during the earliest stages of the 
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disease. Antibodies to microbial HSP 60/65 recognize specific epitopes on 
HumHSP 60. These cross-reactive epitopes were shown to serve as 
autoimmune targets in incipient atherosclerosis and might provide further 
insights into the mechanisms of early atherogenesis. 
Chung SW et al (2003)10 evaluated the recognition of Porphyromonas 
gingivalis HSP 60 and HumHSP 60 by immune sera in P. gingivalis-infected 
periodontitis and atherosclerosis patients. Mononuclear cells from atheroma 
lesions were stimulated with Porphyromonas gingivalis HSP and sera from 
periodontitis or atherosclerosis patients were subjected to Western 
immunoblotting to Porphyromonas gingivalis HSP or HumHSP , respectively. 
 Western immunoblot analysis demonstrated the dual reactivity of anti- 
Porphyromonas gingivalis antisera with Porphyromonas gingivalis HSP and 
HumHSP. We could also establish Porphyromonas gingivalis HSP - specific T 
cell lines from the atheroma lesions, a mixture of CD4+ and CD8+ cells 
producing the cytokines characteristic of both Th1 and Th2 subsets. He 
suggested  the modulating effect of Porphyromonas gingivalis HSP 60 in the 
immunopathogenesis of periodontitis and atherosclerosis. 
           J. I. Choi in ( 2004)9  Identified the T- and/or cross-reactive B-cell 
epitopes of Porphyromonas gingivalis and HumHSP 60 in atherosclerosis 
patients. Periodontitis patients with elevated IgG antibody responses to only 
Porphyromonas gingivalis were included in the study.T-cell epitopes of 
Porphyromonas gingivalis HSP 60 were identified with the use of previously 
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established Porphyromonas gingivalis HSP-reactive T-cell lines. B-cell 
epitopes of P. Gingivalis HSP 60 and HumHSP 60 were identified by the use 
of patients' sera. Anti-Porphyromonas gingivalis , anti-Porphyromonas 
gingivalis HSP 60, or anti- HumHSP 60 ,IgG antibody titers were higher in the 
atherosclerosis patients compared with the healthy subjects. He concluded that 
Porphyromonas gingivalis HSP 60 might be involved in the immunoregulatory 
process of atherosclerosis, with  common T- and/or B-cell epitope specificities 
and  cross-reactivity with HumHSP 60 
          J. I. Choi (2004)8 evaluated the T-cell immune responses specific to 
Porphyromonas gingivalis HSP 60 in patients suffering from atherosclerosis. 
Anti- Porphyromonas gingivalis HSP 60 IgG antibody titers were elevated in 
all patients. Porphyromonas gingivalis HSP -specific T-cell lines from the 
atheroma lesions and the peripheral blood has been establised. The T-cell lines 
were a mixture of CD4+ and CD8+cells producing the cytokines characteristic 
of both Th1 and Th2 subsets.  He suggested that the T-cell immune response 
specific to Porphyromonas gingivalis HSP 60 may be involved in the 
immunopathologic process of atherosclerotic diseases. 
Yamazaki K (2004)79 Compared the cellular and humoral immune 
responses to HSP 60 in atherosclerosis patients and periodontitis patients and 
healthy subjects using human and Porphyromonas gingivalis HSP 60 (GroEL) 
as antigens. Antibody levels to both human and Porphyromonas gingivalis 
HSP 60s were the highest in atherosclerosis patients, followed by periodontitis 
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patients and healthy subjects. Clonal analysis of the T cells clearly 
demonstrated the presence of not only HumHSP 60 - but also Porphyromonas 
gingivalis GroEL-reactive T-cell populations in the peripheral circulation of 
atherosclerosis patients. Furthermore, these HSP 60-reactive T cells seemed to 
be present in atherosclerotic lesions in some patients. These results suggest 
that T-cell clones with the same specificity may be involved in the 
pathogenesis of the different diseases. 
            Qingzhong Xiao, MD (2005)58 tested whether soluble HSP60 levels 
are associated with the progression of carotid arteriosclerosis, prospectively 
.The association of soluble HSP60 with early atherogenesis (5-year 
development and progression of nonstenotic carotid plaques) was investigated. 
The follow-up period was between 1995 and 2000 and, included 684 subjects. 
soluble HSP60 levels measured in 1995 and 2000 were highly correlated 
indicating consistency over a 5-year period. Circulating HSP60 levels were 
significantly correlated with anti-lipopolysaccharide and anti-HSP60 
antibodies. HSP60 levels were significantly associated with early 
atherogenesis, both in the entire population The risk of early atherogenesis 
was additionally amplified when high- soluble HSP60 and chronic infection 
were present together. He confirmed the association between high levels of 
soluble HSP60 and early carotid atherosclerosis. This possibly indicates an 
involvement of soluble HSP60 in activating proinflammatory processes 
associated with early vessel pathology. 
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            Ford P et al (2006) 18 demonstrated presence of bacteria, including 
periodontopathogens in atherosclerotic plaques and suggested that cross-
reactivity of the immune response to bacterial GroEL with HumHSP 60 is a 
link between infections and atherosclerosis. 
Alireza Shamaei-Tousi et al (2007)63 measured the plasma levels of 
HSP10, HSP60 by immunoassay and related to other plasma measures of 
inflammation in periodontal patients and matched controls and also at 1 day 
and 6 months following periodontal or control therapy. Periodontal patients 
had significantly less circulating levels of HSP10 compared with the controls. 
In contrast, more periodontal patients had intermediate levels of HSP60. 
Treatment of the periodontitis caused an increase in plasma levels of HSP10. 
Treatment had no influence of HSP60 levels. Plasma HSP10 levels after 
therapy correlated with markers of periodontal clinical improvement. He 
concluded that circulating levels of molecular chaperones are influenced by 
local inflammation. The marked decrease of this circulating protein in active 
inflammation and its recovery post-treatment suggested that it may have a role 
in controlling periodontal inflammation. 
Salivary markers of periodontal inflammation:- 
  Saliva is a fluid that is readily available and contains locally-produced 
microbial and host response mediators, as well as systemic (serum) markers 
that may prove to be an aid in the diagnosis of periodontal disease and 
systemic disease. Salivary markers that have been studied as potential 
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diagnostic tests for periodontal disease include proteins of host origin (i.e., 
enzymes, immunoglobulins), phenotypic markers, host cells, hormones 
(cortisol), bacteria and bacterial products, ions and volatile compounds. Saliva 
has been proposed as a noninvasive diagnostic fluid that could not only be 
used to help diagnose oral diseases, but as the body’s mirror that would also 
have application in the diagnosis of systemic conditions.  
The levels of salivary biomarkers, such as cytokines, could potentially 
be used as a surrogate to distinguish periodontally healthy individuals from 
subjects with periodontitis. Furthermore analysis of saliva may offer a cost-
effective approach to assessment of periodontal disease in large populations. 
Inspite of the recognized diagnostic potential of saliva, only a few reports have 
attempted to correlate the levels of cytokines in saliva with the periodontal 
condition of the subjects. 
Miller et al (2006)39  conducted a study to determine if salivary 
biomarkers specific for three aspects of periodontitis, namely inflammation, 
collagen degradation and bone turnover, correlated with clinical features of 
periodontal disease. He reported that the mean levels of IL 1 and MMP 8 in 
saliva were significantly higher in subjects with periodontitis than in 
periodontally healthy controls. 
Ruhl (2004)62 measured the levels of  IL 1, IL 6, IL 8, epidermal 
growth factor, nerve growth factor. He found that IL 1, IL 6, IL 8 were present 
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in whole saliva at concentrations significantly higher than in major salivary 
gland secretions. 
Teles RP (2009)70 determined whether the levels of 10 different 
cytokines in saliva differed between a group of periodontally healthy 
individuals and a group of subjects with periodontitis. Correlations between 
the concentrations of these 10 cytokines and clinical parameters of periodontal 
disease were also examined. These cytokines are measured in whole saliva 
using a multiplexed bead immunoassay (Luminex). Mean salivary levels of 
granulocyte-macrophage colony-stimulating factor, interleukin-1beta, 
interleukin-2, interleukin-4, interleukin-5, interleukin-6, interleukin-8, 
interleukin-10, interferon-gamma and tumor necrosis factor-alpha could not 
discriminate between periodontal health and disease.  
Andrej Aurer (2005)6 measured the concentration of host 
inflammatory proteins: C-reactive protein (CRP), C3 and C4 complement 
components, alpha-2-macroglobulin and tumor-necrosis factor in unstimulated 
saliva of  periodontally health, edentulous persons,  patients with chronic 
periodontitis and in patients with aggressive periodontitis. TNF was below the 
level of detection in all samples except one. Edentulous persons and patients 
with chronic periodontitis had significantly reduced concentrations of CRP, 
C3 and alpha-2-macroglobulin. Edentulous persons and aggressive 
periodontitis patients had lower C4 concentrations. He concluded that 
edentulous persons and chronic periodontitis patients have reduced salivary 
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concentrations of host inflammatory proteins and also suggested that a 
reduction in host responsiveness might play a role in the pathogenesis of 
chronic periodontitis. 
Tatjana Todorovic et al (2006)72 examined the activity of aspartate 
and alanine aminotransferase (AST, ALT), lactate dehydrogenase (LDH), 
creatine cinase (CK), alkaline and acidic phosphatase (ALP, ACP), gama 
glutamil transferase (GGT) in saliva from patients with periodontal disease 
before and after periodontal treatment and in saliva from healthy patients 
Patients with periodontal disease were under conventional periodontal 
treatment. There was  statistically significant increase of activity of aspartate 
and alanine aminotransferase (AST, ALT), lactate dehydrogenase (LDH), 
creatine cinase (CK), alkaline and acidic phosphatase (ALP, ACP), gama 
glutamil transferase (GGT) in saliva from patients with periodontal disease in 
relation to control group and also a positive correlation between the activity of 
examined salivary enzymes and value of the gingival index. After 
conventional periodontal therapy the activity of all salivary enzymes was 
significantly decreased. He concluded that activity of these enzymes in saliva, 
as biochemical markers for periodontal tissue damage, may be useful in 
diagnosis, prognosis and evaluation of therapy effects in periodontal disease. 
Balwant Rai et al (2008)59  estimated salivary TNF α levels in 
periodontitis and healthy normal. Significantly higher levels Salivary TNF α 
was observed in periodontitis patients as compared to controls (p<0.001). He 
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concluded that Saliva provides an ideal medium for the detection of 
proinflammatory markers of the oral cavity. Salivary TNF α analysis may be a 
useful diagnostic tool and a potential prognostic marker in periodontal disease. 
Patricia Yen Bee Ng (2007)50 evaluated the association between 
radiographic evidence of alveolar bone loss and the concentration of host-
derived bone resorptive factors (interleukin-1 beta, TNF α, interleukin-6, 
prostaglandin-E2), and markers of bone turnover [pyridinoline crosslinked 
carboxyterminal telopeptide of type I collagen (ICTP), osteocalcin, 
osteonectin] in stimulated human whole saliva collected from untreated dental 
patients. Alveolar bone loss scores for each patient were derived from 
radiographic examination. Variables positively associated with increased bone 
loss score were: age, current smoking, use of bisphosphonate drugs, and 
salivary interleukin-1beta levels above the median. Salivary osteonectin levels 
above the median were associated with a decreased bone loss score. 
Additional in vitro studies were carried out to determine the fate of 
interleukin-1beta, interleukin-6 and TNF-α added to whole and parotid saliva. 
All cytokines added to saliva were detected in significantly lower 
concentrations than when added to buffer alone. He concluded that detection 
of biomarkers by conventional immunoassays may underestimate the actual 
quantity of molecules in saliva. 
Diagnostic methods used in clinical practice today lack the ability to 
detect the onset of inflammation and to identify those patients who are 
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susceptibity to future disease progression. oral fluid based  point of care(POC) 
diagnostics are commonly used in medicine and, more recently, arte breing 
adapted for the potential “ chair side “ determination of oral diseases.the latest 
clinical applications use new” lab-on-a-chip”(LOC) technologies as rapid POC 
diagnostic test for systemic infectious diseases and periodontal disease. 26 The 
development of rapid Point of Care chair side diagnostics has the potential for 
the early detection of periodontal infection and progression to identify the 
incipient disease.   
Amy e. Herr, Anson v. hatch,  William v. Giannobile (2007)26 
developed a portable microfluidic device for detection of potential biomarkers 
of periodontal disease in saliva. The device performs rapid microfluidic chip-
based immunoassays (<3–10 min) with low sample volume requirements (10 
μL) and appreciable sensitivity. This method facilitates hands-free saliva 
analysis by integrating sample pretreatment (filtering, enrichment, mixing) 
with electrophoretic immunoassays to quickly measure analyte concentrations 
in minimally pre treated saliva samples. The microfluidic chip has been 
integrated with miniaturized electronics, optical elements, such as diode lasers, 
fluid-handling components, and data acquisition software to develop a 
portable, self-contained device. The device and methods are being tested by 
detecting potential biomarkers in saliva samples from patients diagnosed with 
periodontal disease. The microchip-based analysis can readily be extended to 
detection of biomarkers of other diseases, both oral and systemic, in saliva and  
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Heat shock proteins in saliva:‐ 
 Molecular chaperones were considered to be intracellular, but there is 
increasing evidence demonstrating their cytoprotective and immune modulator 
properties outside the cell, exerting cytokine-like effects and influencing 
immune recognition. There is scant evidence regarding HSP 60 in saliva. 
However the major extracellular chaperone HSP 70 was found in saliva, 
indicating a possible effect of HSP 70 on mucosal surfaces.  HSP 70 has been 
found to be present in human blood sera. Cpn10 and Cpn60 are present in 
pancreatic juice, but HSP 70 is not. These observations raise the possibility 
that molecular chaperones may be present in other secretory fluids, such as 
human saliva. 
 Fabian  TK et al (2007)15 summarized the immune-modulatory role of 
the 70-kDa stress protein family, with special attention on the potential impact 
of salivary HSP 70 on oral defense mechanisms. Three major facets of HSP 
70-induced immune activation are : 1) the appearance of HSP 70 on the 
surface of certain tumor cells or virally infected cells, leading to their 
phagocytosis and subsequent lysis; 2) the role of extracellular uncomplexed 
HSP 70 as a danger signal, leading to the secretion of proinflammatory 
cytokines from antigen-presenting cells and T lymphocytes and of nitric oxide 
from macrophages as well as to complement activation; 3) receptor-mediated 
uptake of peptide-loaded HSP 70 to antigen-presenting cells and cross-
presentation of the HSP 70-peptide complex as an antigen to cytotoxic T cells 
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and natural killer lymphocytes. The immune-activating effect of salivary HSP 
70 may also be highly important in oral defense, especially in areas where 
molecular and cellular participants of the immune response appear on the 
surface of the oral cavity (i.e. several lesions of the mucosa and the 
periodontal tissues). 
Fabian TK (2003)16  Human whole saliva was collected from six 
participants under resting conditions and secretory stimulation. The samples 
were precleared by centrifugation and sterile filtered. Salivary volume, protein 
concentration and amylase activity were determined. For detection of HSP 70 
saliva proteins were separated on a 12.5% SDS polyacrylamide gel. Semi-dry 
Western blot analysis was used with a primary antibody against the inducible 
form of HSP 70. There was a significant decrease of HSP 70, and a non-
significant decrease of total protein concentration during stimulation, whereas 
the activity of salivary amylase increased significantly. Stimulation 
significantly increased the HSP 70, total protein and amylase outputs as well 
as the amylase/protein ratio, and decreased the HSP 70/amylase and HSP 
70/protein ratios. He concluded that HSP 70 is secreted to saliva, but unlike 
amylase is not transported by the exocytotic secretory mechanisms of acinar 
cells. Passive transport mechanisms of HSP 70 from blood serum or from 
salivary gland cells may be major routes of salivary HSP 70 secretion. 
Fejerdy L (2004)17  investigated whether repeated, short-term  heat 
and mechanical stimulation of the salivary glands can specifically modify the 
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salivary HSP 70 concentration in the human whole saliva. Both kind of 
stimulation increased the secretory rate significantly,  during stimulation, but 
it decreased to control level in resting phases. HSP 70 concentration 
increased after the first stimulation in the case of mechanical stress and after 
the second stimulation in the case of heat stimulation. In contrast, a 
significant  confluent increase of total protein concentration and amylase 
activity occurred after the first stimulation in the case of heat stimulation and 
after the second stimulation in the case of mechanical stress.  
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MATERIALS AND METHODS 
Study Population 
45 patients (21 males and 24 females) who attended the out patient 
Department of periodontology, Ragas Dental College and Hospitals, Chennai 
were enrolled in the study. Patients were divided into two groups based on 
their periodontal health status. Informed consent was obtained from all the 
patients. The patients were informed that this research work was in no way 
directly related to the therapy or cure of the disease. The study was undertaken 
following approval from the institutional review board. 
Selection criteria 
Group A: Healthy Gingiva - Patients exhibiting no signs of periodontal 
disease, determined by the absence of clinical attachment loss, absence of 
bleeding on probing. PPD <3mm. 
Group B: Periodontitis - Patients with teeth exhibiting PPD ≥ 5 mm and            
CAL  ≥ 3mm and radiographic evidence of bone loss in atleast 6 teeth.5 
Exclusion criteria 
• Patients with history of periodontal therapy or antibiotic therapy in the 
past 6 months  
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• Patients with history of systemic diseases that may affect the 
periodontal status 
• Pregnancy and Lactation 
• Smokers 
• Evidence of any other active oral infections eg: pulpal pathology. 
Clinical evaluation:-  
 Clinical evaluation was done using mouth mirror and William’s 
periodontal probe. The probing depth, clinical attachment loss, bleeding on 
probing was evaluated. From the above measurements, biofilm gingival 
interface index (BGI) was calculated as follows, 
BGI-Healthy (BGI-H)          -  probing depth ≤ 3mm and < 10 %   
     bleeding on probing 
BGI- Gingivitis (BGI-G)        -       probing depth ≤ 3mm and ≥ 10 %   
     bleeding on probing 
BGI- Deep lesion / low bleeding -   one or more sites with probing  
(BGI-DL/LB)     depth ≥4mm   and < 10 %  bleeding on 
     probing 
 
BGI- Deep lesion / moderate bleeding -  one or more sites with probing depth 
(BGI-DL/MB)     ≥4mm and 10 to 50 %  bleeding on  
     probing 
BGI- Deep lesion / severe  bleeding - one or more sites with probing   
(BGI-DL/SB)     depth ≥4mm and ≥ 50 %  bleeding on 
     probing  
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Sample collection  
3 ml of Peripheral blood drawn from patients using venepuncture from 
the antecubital fossa to be used for ELISA analysis as well as for total and 
differential white blood cell count estimations. 
Peripheral blood was drawn prior to onset of Phase I periodontal 
therapy in periodontitis patients. All patients underwent a complete physical 
examination and hematological investigation in Ragas General Hospital to rule 
out systemic diseases.  
Saliva collection:- 
Salivary collection is done according to the technique by Navazesh et 
al (2008)43. The patients were advised to refrain from intake of any food or 
beverage (water exempted) one hour before the test session. The subjects were 
advised to rinse his or her mouth several times with distilled water and then to 
relax for five minutes. The patient is asked to lean the head forward over the 
container with the mouth slightly open and allow the saliva to drain into the 
container with the eyes open. The time lasted for saliva collection is five 
minutes, the saliva is collected in a sterile disposable plastic container and the 
samples were stored at -70o C and used for further analysis. 
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Armamentarium 
1. Disposable needle and syringe 
2.  Vaccutainers 
3.  Test Tubes 
4. Centrifuge Tubes 
5. Micropipettes 
6. Micropipette tips 
7. Pasteur pipette 
8. Laboratory Centrifuge 
9. Refrigerator 
    10. Autoclavable Scott Duran bottles     
    11. Autoclavable containers for saliva collection 
    12. Haemocytometer  
    13. Electronic balance   
    14. Light Microscope                                                       
    15.Ice pack (for transfer) 
Reagents Required:- 
1. Phosphate Buffered Saline (freshly prepared) 
           Formulation:  
- Sodium chloride (NaCl) : 8g 
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- Potassium Dihydrogen Phosphate (KH2PO4) : 200mg 
- Disodium Hydrogen Phosphate ( Na2HPO4 ) :2.9g 
- Potassium Chloride(KCl) : 500 mg 
- Distilled Water(H2O) : 1 litre 
2. Histopaque- 1077 – For Isolation of Mononuclear Cells 
Solution of polysucrose and sodium diatrizoate, adjusted to a density of 
1.077 g/ml.  
3. Distilled water 
4. HSP 60 ELISA KIT(ASSAY DESIGNS) 
Serum sample preparation:- 
3ml of blood was drawn by vene puncture in anticubital fossa. 2ml of 
blood was allowed to clot at room temperature for 30 mins & centrifuged at 
3000 rpm for 10 mins. Serum was then divided into 2 aliqouts and transferred 
to labelled poly propylene tubes and stored at -70o c and used for further 
analysis.   
Cell lysate preparation:-                                         
 Out of 3 ml; 1 ml of the Sample was collected into vaccutainers 
containing anticoagulant (EDTA). 1ml of blood was added to2ml of phosphate 
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buffer saline(PBS).this mixture was carefully layered in a centrifuge tube 
containing 3ml of Histopaque  -1077 (Sigma Aldrich) centrifugation at 3000 
rpm for 30 mins. The buffy coat layer containing lymphocytes and 
mononuclear cells are separated and washed twice with 10ml PBS at 2000 rpm 
for 10 mins. 1ml 1x extraction reagent was added per 1ml of blood. The 
extract was incubated for 30 mins on ice. The extract was centrifuged in 
polypropylene microcentrifuge tube at 21000 rpm for mins in a refrigerated 
microfuge (Remi) at 40 c. The supernatants were obtained and stored at -700c 
and used for further  analysis. 
Enzyme linked immunoassay for HSP 60:- 
   Serum, cell lysate and saliva samples were diluted in sample Dilutent(1:50) 
•   Six polypropylene tube each with one of the following  standard 
values was prepared.100mg/ml,  50mg/ml.,  25mg/ml,  12.5mg/ml,  
6.25mg/ml, 3.125mg/ml. 
•  To the 96 pre coated   micro litre  wells ,100 micro ml of prepared 
HSP 60 standard (Tube #1 to Tube#2) ,sample and zero standard 
(0mg/ml) was added and incubated at room temperature for 60 mins. 
•  Liquid from all the wells were aspirated  and washed with 
300microliter of 1x wash buffer for 6 times using automatic washer. 
•  After the 6th wash, 100 micro litre of previously diluted Anti HSP 
60(Goat polyclonal antibody) was added to each well and incubated at 
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room temperature for 60 mins .the plates were washed with wash 
buffer as described previously. 
•  100 micro litre of previously diluted HRP (Horse radish peroxidise) 
conjugate was added to each well excepting the blank, and incubated 
at room temperature for 30 mins .plates were washed with wash 
buffer for 6 times. 
•  100 micro litre of TMB( Tetramethylbenzidine) substrate was added 
to every well colour developed was visible within 1minute of addition 
to the wells. 
•  Finally 100 micro litre of stop solution 2 was added to the wells. 
•  Microplate reader was set according to the manufacturers instruction 
at a wavelength of 450 mm and absorbance was measured. 
Measurement of  High Sensitivity C- Reactive Protein (hs-CRP):- 
Measurement of hs-CRP was performed using a  immunoturbidimetric 
assay performed on a Randox Daytoner analyzer  ( Randex Laboratories, 
Crumlin Co., Autrium, UK). The assay range was 0.1 to 20 mg/l and detection 
limit was 0.03 mg/l. 
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Statistical analysis:- 
 The circulatory HSP 60  levels were obtained by adding cell lysate 
HSP levels and serum HSP 60 levels. The circulatory and salivary levels of 
HSP 60 in periodontal health and disease was compared by calculating the 
mean and standard deviation for each group. Student T test was used for 
statistical analysis and P value was calculated. Correlation coefficient of 
serum, saliva and cell lysates of HSP 60 in periodontal health and disease was 
analysed using Pearson’s correlation. P< 0.05 was considered to be 
statistically significant at the 5% level. 
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MATERIALS AND METHODS
Study Population 
45 patients (21 males and 24 females) who attended the out patient 
Department of periodontology, Ragas Dental College and Hospitals, Chennai 
were enrolled in the study. Patients were divided into two groups based on 
their periodontal health status. Informed consent was obtained from all the 
patients. The patients were informed that this research work was in no way 
directly related to the therapy or cure of the disease. The study was undertaken 
following approval from the institutional review board. 
Selection criteria 
Group A: Healthy Gingiva - Patients exhibiting no signs of periodontal 
disease, determined by the absence of clinical attachment loss, absence of 
bleeding on probing. PPD <3mm. 
Group B: Periodontitis - Patients with teeth exhibiting PPD  5 mm and            
CAL   3mm and radiographic evidence of bone loss in atleast 6 teeth.5
Exclusion criteria 
x Patients with history of periodontal therapy or antibiotic therapy in the 
past 6 months  
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x Patients with history of systemic diseases that may affect the 
periodontal status 
x Pregnancy and Lactation 
x Smokers 
x Evidence of any other active oral infections eg: pulpal pathology. 
Clinical evaluation:-  
Clinical evaluation was done using mouth mirror and William’s 
periodontal probe. The probing depth, clinical attachment loss, bleeding on 
probing was evaluated. From the above measurements, biofilm gingival 
interface index (BGI) was calculated as follows, 
BGI-Healthy (BGI-H)          -  probing depth  3mm and < 10 %   
     bleeding on probing 
BGI- Gingivitis (BGI-G)        -       probing depth  3mm and  10 %
     bleeding on probing 
BGI- Deep lesion / low bleeding -   one or more sites with probing  
(BGI-DL/LB)     depth 4mm   and < 10 %  bleeding on 
     probing 
BGI- Deep lesion / moderate bleeding -  one or more sites with probing depth 
(BGI-DL/MB)     4mm and 10 to 50 %  bleeding on  
     probing 
BGI- Deep lesion / severe  bleeding - one or more sites with probing   
(BGI-DL/SB)     depth 4mm and  50 %  bleeding on 
     probing
Materials & Methods  

41

Sample collection  
3 ml of Peripheral blood drawn from patients using venepuncture from 
the antecubital fossa to be used for ELISA analysis as well as for total and 
differential white blood cell count estimations.
Peripheral blood was drawn prior to onset of Phase I periodontal 
therapy in periodontitis patients. All patients underwent a complete physical 
examination and hematological investigation in Ragas General Hospital to rule 
out systemic diseases.  
Saliva collection:-
Salivary collection is done according to the technique by Navazesh et 
al (2008)43. The patients were advised to refrain from intake of any food or 
beverage (water exempted) one hour before the test session. The subjects were 
advised to rinse his or her mouth several times with distilled water and then to 
relax for five minutes. The patient is asked to lean the head forward over the 
container with the mouth slightly open and allow the saliva to drain into the 
container with the eyes open. The time lasted for saliva collection is five 
minutes, the saliva is collected in a sterile disposable plastic container and the 
samples were stored at -70o C and used for further analysis. 
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Armamentarium
1. Disposable needle and syringe 
2.  Vaccutainers 
3.  Test Tubes 
4. Centrifuge Tubes 
5. Micropipettes 
6. Micropipette tips 
7. Pasteur pipette 
8. Laboratory Centrifuge 
9. Refrigerator 
    10. Autoclavable Scott Duran bottles     
    11. Autoclavable containers for saliva collection 
    12. Haemocytometer  
    13. Electronic balance   
    14. Light Microscope                                                       
    15.Ice pack (for transfer) 
Reagents Required:- 
1. Phosphate Buffered Saline (freshly prepared) 
           Formulation:  
- Sodium chloride (NaCl) : 8g 
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- Potassium Dihydrogen Phosphate (KH2PO4) : 200mg 
- Disodium Hydrogen Phosphate ( Na2HPO4 ) :2.9g 
- Potassium Chloride(KCl) : 500 mg 
- Distilled Water(H2O) : 1 litre 
2. Histopaque- 1077 – For Isolation of Mononuclear Cells 
Solution of polysucrose and sodium diatrizoate, adjusted to a density of 
1.077 g/ml.  
3. Distilled water 
4. HSP 60 ELISA KIT(ASSAY DESIGNS)
Serum sample preparation:- 
3ml of blood was drawn by vene puncture in anticubital fossa. 2ml of 
blood was allowed to clot at room temperature for 30 mins & centrifuged at 
3000 rpm for 10 mins. Serum was then divided into 2 aliqouts and transferred 
to labelled poly propylene tubes and stored at -70o c and used for further 
analysis. 
Cell lysate preparation:-                                         
 Out of 3 ml; 1 ml of the Sample was collected into vaccutainers 
containing anticoagulant (EDTA). 1ml of blood was added to2ml of phosphate 
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buffer saline(PBS).this mixture was carefully layered in a centrifuge tube 
containing 3ml of Histopaque  -1077 (Sigma Aldrich) centrifugation at 3000 
rpm for 30 mins. The buffy coat layer containing lymphocytes and 
mononuclear cells are separated and washed twice with 10ml PBS at 2000 rpm 
for 10 mins. 1ml 1x extraction reagent was added per 1ml of blood. The 
extract was incubated for 30 mins on ice. The extract was centrifuged in 
polypropylene microcentrifuge tube at 21000 rpm for mins in a refrigerated 
microfuge (Remi) at 40 c. The supernatants were obtained and stored at -700c
and used for further  analysis. 
Enzyme linked immunoassay for HSP 60:- 
   Serum, cell lysate and saliva samples were diluted in sample Dilutent(1:50) 
x   Six polypropylene tube each with one of the following  standard 
values was prepared.100mg/ml,  50mg/ml.,  25mg/ml,  12.5mg/ml,  
6.25mg/ml, 3.125mg/ml. 
x  To the 96 pre coated   micro litre  wells ,100 micro ml of prepared 
HSP 60 standard (Tube #1 to Tube#2) ,sample and zero standard 
(0mg/ml) was added and incubated at room temperature for 60 mins. 
x  Liquid from all the wells were aspirated  and washed with 
300microliter of 1x wash buffer for 6 times using automatic washer. 
x  After the 6th wash, 100 micro litre of previously diluted Anti HSP 
60(Goat polyclonal antibody) was added to each well and incubated at 
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room temperature for 60 mins .the plates were washed with wash 
buffer as described previously. 
x  100 micro litre of previously diluted HRP (Horse radish peroxidise) 
conjugate was added to each well excepting the blank, and incubated 
at room temperature for 30 mins .plates were washed with wash 
buffer for 6 times. 
x  100 micro litre of TMB( Tetramethylbenzidine) substrate was added 
to every well colour developed was visible within 1minute of addition 
to the wells. 
x  Finally 100 micro litre of stop solution 2 was added to the wells. 
x  Microplate reader was set according to the manufacturers instruction 
at a wavelength of 450 mm and absorbance was measured. 
Measurement of  High Sensitivity C- Reactive Protein (hs-CRP):- 
Measurement of hs-CRP was performed using a  immunoturbidimetric 
assay performed on a Randox Daytoner analyzer  ( Randex Laboratories, 
Crumlin Co., Autrium, UK). The assay range was 0.1 to 20 mg/l and detection 
limit was 0.03 mg/l. 
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Statistical analysis:- 
 The circulatory HSP 60  levels were obtained by adding cell lysate 
HSP levels and serum HSP 60 levels. The circulatory and salivary levels of 
HSP 60 in periodontal health and disease was compared by calculating the 
mean and standard deviation for each group. Student T test was used for 
statistical analysis and P value was calculated. Correlation coefficient of 
serum, saliva and cell lysates of HSP 60 in periodontal health and disease was 
analysed using Pearson’s correlation. P< 0.05 was considered to be 
statistically significant at the 5% level. 
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EVALUATION OF CIRCULATORY AND SALIVARY  
RAGAS DENTAL COLLEGE AND HOSPITAL, CHENNAI. 
DEPT OF PERIODONTICS 
PATIENT PROFORMA 
1. NAME : 
2. AGE/SEX  : 
3. OCCUPATION : 
4. ADDRESS : 
5. PHONE : 
6. CHIEF COMPLAINT : 
7. PAST DENTAL HISTORY : 
8. MEDICAL HISTORY : 
9.  PERIODONTAL EXAMINATION :  
Gingiva 
a. Colour 
b. Contour 
c. Consistency 
d. Position 
 
 
e. Surface texture 
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Furcation Involvement: 
Mobility: 
     Plaque Index 
 
       
        
 
 
     Bleeding Scores 
 
 
 
 
 
 
                
8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 
                
                               
8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 
                
 
 
PERIODONTAL PROBING DEPTH & CLINICAL ATTACHMENT LEVEL 
 
CAL 
                                                
PPD                                                 
     8     7    6    5     4     3     2     1     1    2     3     4     5    6     7      8 
 
PPD 
                                                
CAL                                                 
 
 
CAL 
                                                
PPD 
 
                                                
     8     7    6     5     4         3      2      1     1     2     3     4     5     6     7     8 
 
PPD 
                                                
CAL                                                 
 
 
BIOFILM GINGIVAL INTERFACE INDEX: 
OTHER INVESTIGATIONS: 
RADIOGRAPHIC INVESTIGATION: 
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OPG: 
 
BLOOD INVESTIGATION: 
1. Total Count: 
2. Differential Count: 
3. Bleeding Time: 
4. Clotting Time: 
5. Haemoglobin: 
6. Random Blood Sugar: 
DIAGNOSIS: 
TREATMENT: 
 
 
 
STATEMENT  OF  INFORMED  CONSENT 
 
Patient name: 
Age/Sex: 
           I have been explained about the nature and purpose of the study 
in which I have been asked to participate. I understand that, I am free to with 
draw my consent and discontinue at any Time without prejudice to me or 
effect on my treatment. 
                     I have been given the opportunity to ask questions about the 
procedure. I have also Given consent for photographs, blood and saliva 
samples to be taken for the study purpose. I have fully agreed to participate in 
this study. 
                      I hereby give my consent to be included in “EVALUATION 
OF CIRCULATORY AND SALIVARY LEVELS OF HEAT SHOCK 
PROTEIN 60 IN PERIODONTAL  HEALTH AND DISEASE”  
 
Station: 
Date:   
              Signature of the patient: 
 
Signature of the HOD : 
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RESULTS 
 The present study assessed the circulatory and salivary levels of HSP 
60 in patients with periodontal health and disease by sandwich ELISA method. 
 45 peripheral blood samples and saliva samples were collected from 
the 2 groups. Group A or group B ( 22 health and 23 disease). The blood 
samples were processed. Serum and cell lysates were prepared to detect HSP 
60 between the two groups 
 Absorbance was measured at 450nm wavelength in terms of ng/dl, and 
the results were obtained. 
HS CRP (table 1) 
 The mean hs CRP level in periodontal disease was 2.25 ng/dl whereas 
the mean hs CRP in periodontal health was 1.16 ng/dl. There was a significant 
increase in the periodontal disease when compared to health at p < 0.05 
(0.024). 
Circulatory HSP 60 (table 2) 
The mean circulatory HSP 60  levels were obtained by adding the 
mean cell lysate HSP levels and the mean serum HSP 60 levels. The mean 
circulatory HSP 60 level ( total serum & cell lysate)  in periodontal disease 
was 94.67 ng/dl whereas the mean value in periodontal health was 59.05 ng/dl. 
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There was a significant increase in the periodontal disease when compared to 
health at p <0.05 (0.038) 
When the circulating HSP60 levels were examined individually as cell 
lysate and serum levels, the results obtained were as follows: 
HSP 60 Cell lysates (table 3) 
The mean cell lysate level of HSP 60 in periodontal disease was 80.89 
ng/dl whereas the mean cell lysate level of HSP 60 in periodontal health was 
53.54 ng/dl. There was a significant increase in the periodontal disease when 
compared to health at p < 0.05 (0.044) 
HSP 60 Serum (table 4) 
The mean serum HSP 60 level in periodontal disease was 20.19 ng/dl 
whereas the mean serum HSP 60 level in periodontal health was 15.68 ng/dl. 
There was no significant increase in the periodontal disease when compared to 
health at p>0.05(0.488) 
Correlation between circulatory HSP 60 in hs CRP in periodontal disease 
( table: 6) 
 There was a statistically significant correlation between circulatory 
HSP 60  and hs CRP(57%) at p<0.05.  
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HSP 60 Saliva (table 4) 
The mean salivary level of HSP 60 in periodontal disease was 30.15 
ng/dl whereas the mean salivary level of HSP 60 in periodontal health was 
26.05 ng/dl. There was  no significant increase in the periodontal disease when 
compared to  health at p>0.05(0.628) 
Correlation coefficient for HSP 60 levels in serum, cell lysates and saliva 
of periodontally healthy patients ( table: 5) 
 There was no statistically significant correlation between the 
circulating HSP 60, salivary HSP 60 and hs CRP. Even when examined 
individually, there was no significant correlation between either serum HSP 60 
or cell lysate HSP 60 and salivary HSP 60.  
Correlation between  salivary HSP 60 and circulatory HSP 60 and hs 
CRP in periodontal disease ( table: 6) 
 There was no significant correlation between salivary HSP 60 and 
circulating HSP 60 (either total or individual). There was also no significant 
correlation between salivary HSP 60 and hs CRP.  
 
 
 
 
 
 
Table 1  
hs CRP  levels in serum 
Group Number of 
cases 
Mean Standard 
deviation 
P value 
Health 22 1.16 0.033 0.024* 
Disease 23 2.25 0.29 
 
Table 2 
Total circulatory HSP 60 levels in health and disease. 
Group Number of 
cases 
Mean Standard 
deviation 
P value 
Health 22 59.05 35.20 0.038* 
Disease 23 94.67 36.74 
 
 
 
 
 
 
Table 3 
HSP 60 levels in cell lysates 
Group Number of 
cases 
Mean Standard 
deviation 
P value 
Health 22 53.54 30.52 0.044* 
Disease 23 80.89 49.46 
 
Table  4 
HSP 60 levels in saliva and serum 
Group Mean Standard 
deviation 
P value 
Serum Health 15.68 10.02 0.488 
Disease 20.19 16.57 
Saliva Health 26.04 14.36 0.628 
Disease 30.15 24.34 
 
 
 
 
Table  5 
Pearson’s correlation for total circulatory levels and hsCRP & 
HSP 60 levels in serum, cell lysates and saliva of periodontal 
health. 
 Correlation 
coefficient 
P value 
Total circulatory 
levels 
hs CRP 13% 
 
0.754 
 
Serum Cell lysate 70% 0.995 
Cell lysate Saliva 10% 0.419 
Saliva Serum 3% 0.558 
 
Table  6 
Pearson’s correlation for total circulatory levels and hsCRP & 
HSP 60 levels in serum, cell lysates and saliva of periodontal 
disease. 
 Correlation 
coefficient 
P value 
Total 
circulatory 
levels 
hs CRP  
57% 
 
0.052* 
Serum Cell lysate 15% 0.967 
Cell lysate Saliva 11% 0.280 
Saliva Serum 5% 0.347 
 
 
 
Figure 1  
         Comparison of circulatory HSP 60 in periodontal health and disease 
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Figure 3  
            Comparision of cell lysate HSP 60 in periodontal health and disease 
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Figure 4  
Comparision of salivary HSP 60 in periodontal health and disease 
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DISCUSSION 
Although periodontopathic bacteria are the primary etiological agents 
in periodontal disease, the ultimate determinant of disease progression and 
clinical outcome is the host's immune response. The immune response is 
typically activated through exposure to bacterial antigens with specific 
Pathogen associated molecular patterns(PAMPs) such as LPS , fimbriae, & 
Outer membranous protein, etc.23 In addition to these PAMPs, self antigens 
have also been reported to be involved in host inflammatory / immune 
response.75,81 
Among the most studied self antigen in periodontal disease is the heat 
shock protein, especially HSP 60. HSP 60 has been reported to be significantly 
elevated in gingival tissues affected by periodontal disease, but, there is no 
conclusive evidence linking it to disease activity. HSP’s are typically regarded 
as intracellular proteins but free serum HSP 60 has been reportedly identified 
and  linked to systemic inflammation and cardiovascular disease.10,30,57,33  The 
source of this free circulating HSP 60 remains a controversy. This study was 
undertaken to investigate if periodontal disease could contribute to the 
circulating HSP 60 levels in a manner similar to that of circulating 
proinflammatory cytokines.  
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Peripheral blood was collected from the antecubital fossa, and 
lymphocytes were separated from the peripheral blood using Histopaque-
1077. Cell lysates were prepared using the extraction  reagent provided in the 
heat shock protein 60 ELISA kit  following standard protocol, as reported by 
other studies.3,60,49, 
Saliva was collected by the method, reported by Navazesh et al 
(2008)43. Care was taken to ensure that, saliva was collected between 9-11 AM 
to avoid variation due to circadian periodicity that has been shown to affect 
salivary analytes.71 
The ELISA method was used to evaluate HSP 60 in preference to 
immunoblotting as it is versatile, accurate, reproducible, and economical. 
Previous studies done by Tabeta K et al (2001)68, Watanabe S et al (2003)76 
and  Handley HH et al (1995) 24 provide evidence that supports the use of this 
method.  
In our study, patients were divided only into health and periodontitis 
groups, a gingivitis group was not included. Previous studies have reported 
that gingivitis occurs as a non specific local inflammatory response to plaque 
& does not seem to produce a significant systemic inflammatory response.80 
Patients in the periodontitis groups were not sub classified into mild, 
moderate or severe groups for the following reasons  
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1) Previous results on the systemic inflammatory effects of periodontal 
disease have been inconclusive in detecting significant differences 
between mild, moderate and severe periodontitis. A paucity in the 
number of well controlled, prospective, longitudinal trials could be one 
reason for this lack of evidence. 
2) We have used the BGI index in this study for clinical categorisation of 
chronic periodontitis. 
The BGI proposed by Barros and Offenbacher, has been suggested to 
be dynamic and therefore a sensitive predictor of the systemic effects of 
periodontal disease. As the events occurring at the biofilm gingival interface 
demonstrably influence the inflammatory course, this index is thought to be a 
more reliable predictor of systemic inflammation.  Only the BGI Deep lesion 
(BGI-DL) category was included due to practical difficulties in including an 
adequate sample of all groups for investigative procedures. Further, previous 
studies have reported that, systemic effects of periodontal disease were 
associated most significantly with the BGI-DL .48 
The result of our study indicate that, there was a significant increase in 
hs CRP levels in periodontal disease when compared to health . These results 
are in consistent with the reports of Renvert, Nakajima et al. The advantage of 
using hs CRP over conventional CRP is that it is more sensitive and there by 
provides a closer correlation to the inflammatory status.47,45 These results 
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seem to add on to the existing body of literature that suggests that periodontal 
disease is capable of evoking a low grade chronic systemic inflammation. 
There was no significant difference between the hs CRP levels and BGI MB 
and SB groups but the sample size of individual subgroup was too small for 
meaningful analysis. None of the patients included in our study belonged to 
the BGI-DL/LB category. A larger sample size could have provided predictive 
information about the reliability of the BGI index in populations with poor 
oral hygiene where gingival bleeding is very common. While these results 
cannot be compared directly, Barros and co workers have reported somewhat 
similar results in their study relating to HbA1c levels in diabetes mellitus 
samples. 
The results of our study indicate that there was a significant increase in 
circulating HSP 60 in periodontal disease when compared to health. These 
results are in conformity with previous studies of  Ukei et al ( 2002)73, 
Yamazaki et al (2002)80.  
In order to further clarify its role in pathogenesis, cell lysate and serum 
HSP 60 levels were examined individually. The cell lysate HSP 60 levels were 
consistently higher when compared to serum in both health and disease 
groups. These results suggest that the primary source of circulatory HSP 60 
was intracellular, present in the lymphocytes, rather than free in serum.  
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In periodontal disease, there was a significant elevation in cell lysate 
HSP 60 levels, while the serum levels showed no significant difference when 
compared to health. Although periodontal disease has been reported to result 
in a systemic spill over of proinflammatory cytokines such as IL-1, IL-6, TNF 
α etc,47 other host derived products have not been extensively documented. 
The fact that periodontal disease was associated with an upregulation of cell 
lysate HSP 60 & not free serum HSP 60 suggests that this has not resulted 
from a mere systemic spill over. Whether this lymphocyte reaction was in 
response to HSP 60 1) of Porphyromonas gingivalis in gingival tissues or 2) 
Porphyromonas gingivalis in circulation or 3) in human fibroblasts, could not 
be determined. Previous evidence suggests the plausibility of any or all of the 
above. 
Systemic cellular responses to locally generated antigens have been 
previously described in the form of hyper responsive monocytes.32 The ability 
of Porphyromonas gingivalis to enter circulation and colonize tissues other 
than gingiva has been well documented.84 The structural homology between 
HSP 60 of Porphyromonas gingivalis with an epitope MQFDRGYISP and 
HumHSP 60 with an epitope MKFDRGYISP makes the third possibility 
distinctly plausible. 69 Further strength for this hypothesis may be gained from 
the generation of HSP 60 specific γ δ T cells that are normally involved in 
generation of self antigens.10 
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Similar to the results obtained with hs CRP, there was no correlation 
between circulatory HSP 60 levels, and BGI (MB and SB). The reason for this 
lack of association is not immediately apparent but the small sample size of 
the subgroup could have influenced the results. It may also be speculated that 
these self antigens are involved in early phases of established periodontitis and 
their further effects could probably be related to activation of the immune 
response. 
Regardless of the pathogenic mechanism involved in the HSP 60 
upregulation in periodontal disease; it is significant that it correlates positively 
with the systemic inflammatory status as indicated by hs CRP. The 
mechanisms through which HSP 60 could induce systemic inflammation have 
been well documented. In addition to activating Natural Killer Cells and γ δ T 
cells, 10 ; these proteins can result in increase of proinflammatory cytokines 
like TNF α.73 Both HSP 60 and hs CRP have been shown to be independently 
associated with cardiovascular disease.10,30,47,57,33 Therefore, upregulation of 
both circulating HSP 60 and hs CRP in periodontal disease could have 
important implications. 
 The association between periodontal disease and cardiovascular 
disease has gained enormous attention in recent years. Several investigators 
have found a strong association between the two diseases to the extent that a 
joint consensus report between the association of American cardiologists and 
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the periodontologists has addressed this issue.19 A number of pathogenic 
mechanisms have been suggested through which periodontal disease may 
affect cardiovascular disease.10,30,57,33 
Our study indicates that HSP 60 could be considered another potential 
candidate through which periodontal disease influences the systemic 
inflammatory state and thereby cardiovascular disease. The role of 
inflammation in the development of atheromatous plaques is now well 
established.79 
There has been a resurgent interest in salivary diagnostics in the last 
few years. Recent evidence demonstrated its ability to predict not only local 
inflammatory conditions such as chronic periodontal disease but also systemic 
conditions such as Cardiovascular disease, Breast cancer etc.1  Our results 
suggests that salivary HSP 60 levels exhibited no significant difference 
between periodontal health and disease. There is scant previous literature with 
which we can compare these levels. Previous studies on HSP are related to 
HSP 70 levels and have focused largely on salivary gland pathology. Saliva 
has been reported to be a second hand marker of periodontal disease as most 
of its constituents have gained entry from GCF.35 The lack of association 
between salivary HSP 60 levels and periodontal disease is probably due to its 
etiopathogenesis. 
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The role of HSP 60 in the etiopathogenesis of periodontitis may be 
described as follows: 
Molecular mimicry with the HSP 60 of Porphyromonas gingivalis 
results in T cell activation against both the exogenous antigen as well the 
gingival fibroblasts. This leads to generation of T cell lines that may be 
destructive to the host tissue and result in excessive production of 
proinflammatory cytokines such as TNF α.73 
In other words; the pathogenic responses are restricted to immune 
complex activation against intracellular antigens (HSP 60 - either 
Porphyromonas gingivalis or gingival fibroblast) that are confined to the 
gingival tissue. Consequently; there is only a minimal presence of these 
proteins in inflammatory exudates and therefore, saliva. We hypothesize that 
due to these reasons; the salivary HSP 60 levels do not reflect periodontal 
disease activity. 
Salivary HSP 60 did not correlate with the circulating HSP 60 levels or hs 
CRP. The cell lysate HSP 60 levels indicate that the predominant systemic 
response to HSP 60 is cellular in nature. As saliva is generally thought to be 
reflective of the plasma or serum constituents; there was no significant 
correlation between salivary and circulating HSP 60. Consequently, it did not 
correlate with hs CRP either. This data must not be interpreted to mean that 
saliva cannot be used as a diagnostic tool to evaluate systemic inflammation; 
 
 
 
Discussion  
 
58 
 
only that salivary HSP 60 is a poor marker of both periodontal disease and its 
systemic inflammatory response.   
There are several limitations in this study including: 
1. A small sample size which may have affected the statistical 
analysis. 
2. Its cross sectional nature;  longitudinal studies are better suited to 
study the episodic nature of periodontal disease & its biomarkers. 
3. Immunolocalization of HSP 60 in gingival tissues could have 
perhaps given a more complete picture. 
Within the limitations of this study; the significant association between 
periodontal disease, circulating HSP 60 and hs CRP indicates a strong 
possibility of the involvement of these self antigens in systemic inflammation. 
These results certainly warrant a more detailed investigation which might help 
clarify the role of these proteins in periodontal disease.  
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SUMMARY AND CONCLUSION 
The aim of the present study was to estimate the circulatory and 
salivary levels of HSP 60 in periodontal health and disease and to assess 
whether they correlate with each other and with the systemic inflammatory 
marker, hs CRP. 45 patients who attended the out patient Department of 
periodontology, Ragas Dental College and Hospitals, Chennai were enrolled 
in the study.   Patients were divided in to two groups based on their 
periodontal health status- 22 Healthy patients, 23 Periodontitis patients. 
Peripheral blood and saliva was collected prior to phase I periodontal 
therapy from these patients and processed for ELISA  analysis. Processing for 
ELISA involved the preparation of cell lysates and serum from peripheral 
blood. Cell lysates were prepared by adding the extraction reagent provided in 
the HSP 60 ELISA kit to the lymphocytes separated from the peripheral blood.  
Statistical analysis was done using student t test and Pearson’s correlation 
From the results of this study, we may conclude that 
1) Periodontal disease results in an upregulation of circulating HSP 60 
levels and the systemic inflammatory marker-hs CRP, both of which 
correlate significantly with each other. 
2) Salivary HSP 60 has limited value as a biomarker of periodontal 
disease. Further, it correlates poorly with circulating HSP 60 levels and 
hs CRP and is therefore not an ideal surrogate marker of systemic 
inflammation.  
 
 
 
Bibliography 
 
 
 
60 
 
BIBLIOGRAPHY 
1. Agha-Hosseini F, Mirzaii-Dizgah I, Rahimi A, Seilanian-Toosi M. 
Correlation of serum and salivary CA125 levels in patients with breast 
cancer. J Contemp Dent Pract. 2009 Nov 1;10(6):E001-8. 
2. Ando T,    Kato T, Ishihara K, Ogiuchi H, Okuda K heat shock 
proteins in the human periodontal disease process Oral microbiol 
immunol 1995; 39:321-327  
3. Aoyagi T, Yamazaki K, Kabasawa-Katoh Y, Nakajima T, 
Yamashita N, Yoshie H, Hara K. Elevated CTLA-4 expression on 
CD4+ T cells from periodontitis patients stimulated with 
Porphyromonas gingivalis outer membrane antigen. Clin Exp Immunol 
2000; 119: 280-286.  
4. Argueta JG, Shiota S, Yamaguchi N , Masuhiro Y, Hanazawa S 
Induction of porphyromonas gingivalis GroEL signalling via binding 
to toll- like receptors 2 and 4 Oral microbial immunol 2006; 21: 245-
251 
5. Artmitage GC. Development of a classification system for periodontal 
diseases and conditions Ann Periodontol 1999; 4:1-6 
6. Aurer Andrej, Ksenija Jorgi-Srdjak, Darije Planak, Ana Stavljeni-
Rukavina and Jelena Aurer-Ko elj Proinflammatory Factors in 
 
 
 
Bibliography 
 
 
 
61 
 
Saliva as PossibleMarkers for Periodontal Disease Coll. Antropol. 29 
(2005) 2: 435–439 
7. Burnet FM. A modification of Jerne's theory of antibody production 
using the concept of clonal selection. Australian Journal of Science 
20:67-69, 1957. 
8. Choi JI, Chung SW ,  HS Kang,  Rhim BY, Park YM,  Kim SJ, 
Kim US epitope mapping of Porphyromonas gingivalis heat shock 
protein in human atherosclerosis J Dent Res 2004; 83:936-940 
9. Choi JI, Chung SW , HS Kang, Rhim BY, Kim SJ , Kim US 
Establishment of Porphyromonas gingivalis heat shock protein specific 
T cell lines from atherosclerosis patients J Dent Res 2004; 81:344-348  
10. Chung SW, Kang HS, Park HR, Kim SJ, Choi JI Immune responses 
to heat shock protein in Porphyromonas gingivalis – infected 
periodontitis and atherosclerosis patients J Periodontal Res 
2003;38:388-393  
11. Delaleu N, Immervoll H, Cornelius J, Jonsson R. Biomarker profiles 
in serum and saliva of experimental Sjögren's syndrome: associations 
with specific autoimmune manifestations. Arthritis Res Ther. 
2008;10(1):R22. Epub 2008 Feb 20. 
12. Ebersole JL, Taubman MA. The protective nature of host responses 
in periodontal diseases. Periodontol 2000, 1994; 5: 112-141. 
 
 
 
Bibliography 
 
 
 
62 
 
13. Ebersole Jl,Cappelli D Acute phase reactants in infections and 
inflammatory diseases Periodontol 2000 2000;23:19-49 
14. Ellis JR, Van Eden W, and Young D. Stress proteins as molecular 
Chaperones. Stress proteins in medicine 1996; 1-26. 
15. Fábián TK, Fejérdy P, Nguyen MT, Soti C, Csermely P. Potential 
immunological functions of salivary Hsp70 in mucosal and periodontal 
defense mechanisms. Arch Immunol Ther Exp (Warsz). 2007 Mar-
Apr;55(2):91-8. Epub 2007 Mar 9. 
16. Fabian TK, Gáspár J, Fejérdy L, Kaán B, Bálint M, Csermely 
P, Fejérdy P Hsp70 is present in human saliva.Med Sci Monit. 2003; 
9(1):62-5. 
17. Féjerdy L, Tóth Z, Kaán B, Fábián Tibor K, Csermely P, Fejérdy 
P The effect of heat stimulation and mechanical stress (massage) of 
salivary glands on the secretory parameters of salivary Hsp70. A pilot 
study  Fogorv Sz. 2004 Oct;97(5):204-10. 
18. Ford P, Gemmell E, Walker P, West M, Cullian M, Seymour G 
Characterisation of heast shock protein specific T cells in 
atherosclerosis Clin & Diag lab Immunol 2005; 12:259-267 
 
 
 
Bibliography 
 
 
 
63 
 
19. Friedewald VE, Kornman KS, Beck JD, Genco R, Goldfine 
A, Libby P, Offenbacher S, Ridker PM, Van Dyke TE, Roberts 
WC;  The American Journal of Cardiology and Journal of 
Periodontology editors' consensus: periodontitis and atherosclerotic 
cardiovascular disease. J Periodontol. 2009 Jul;80(7):1021-32. 
20. Fukui M, Hinode D, Yokoyama M, Tanabe S, Yoshioka M Salivary 
immunoglobulin A directed to oral microbiology GroEL in patients 
with periodontitis and their potential protective role. Oral Microbiol 
Immunol 2006; 21:289-295 
21. Giannobile WV, Beikler T, Kinney JS, Ramseier CA, Morelli T, 
Wong DT. Saliva as a diagnostic tool for periodontal disease: current 
state and future directions. Periodontol 2000. 2009;50:52-64. No 
abstract available. 
22. Goretzk  L, Wang J, Saedi M Accurate and sensitive measurement of 
heat shock proteins, HSP 90, HSP 27 and phosphorylated HSP 27 in 
cell and tissue extracts Proc Amer Assoc Cancer Res 2006; 47  
23. Handfield  M, Levesque RC. Strategies for isolation of in vivo 
expressed genes from bacteria. FEMS Microbiol Rev. 1999 
Jan;23(1):69-91. Review. 
 
 
 
Bibliography 
 
 
 
64 
 
24. Handley HH, Yu J, Yu DTY, Singh B, Gupta RS, Vaughan JH 
Autoantibodies to HSP 60 may be induced by Escherichia coli GroEL 
Clin Exp Immunol 1996; 103:429-435 
25. Havemose-Poulsen A, Sorenson LK, Stoltze K, Bendtzen K, 
Holmstrup P Cytokine profiles in peripheral blood and whole blood 
cell cultures with aggressive periodontitis , juvenile idiopathic arthritis 
, and rheumatoid  arthritis. J Periodontol 2005;76:2276-2285 
26. Herr Amy,  Anson V. Hatch,  William V. Giannobile, Daniel J. 
Throckmorton, Huu M. Tran, James S. Brennan, and Anup K. 
Singh Microfluidic immunoassays as rapid saliva-based clinical 
diagnostics Ann N Y Acad Sci. 2007 March; 1098: 362–374 
27. Honda.T, Domon H, OkuiT ,Kajita K, Amanuma R, Yamazaki K 
Balance of inflammatory response in stable gingivitis and progressive 
periodontitis lesions Clin Exp Immunol 2006;144: 35-40 
28. Jarjour WN, Jeffries BD, Davis JS, Welch WJ, Mimura T, 
Winfield JB Autoantibodies to human stress proteins. A survey of 
various rheumatic and inflammatory diseases Arthritis Rheum 1991; 
34:1133-1138 
29. Jerne NK. The natural-selection theory of antibody formation. 
Proceedings of the National Academy of Sciences USA 41:849-857, 
1955. 
 
 
 
Bibliography 
 
 
 
65 
 
30. Karnoutsos K, Papastergiou P, Stefanidis S, Vakaloudi A. 
Periodontitis as a risk factor for cardiovascular disease: the role of anti-
phosphorylcholine and anti-cardiolipin antibodies.Hippokratia. 2008 
Jul;12(3):144-9. 
31. Kaufman E, Lamster I.B  Analysis of saliva for periodontal 
diagnosis. Journal of clinical periodontology 2000;27: 453-465  
32. Kinane DF, Lowe GDO. How periodontal disease may contribute to 
cardiovascular disease. Periodontol 2000 2000; 23: 121-126. 
33. Kleindienst Roman, Qingbo Xu, Johann Willeit, Ferdinand R, 
Waldenberger, Sepp Weimann, and Georg Wick . Demonstration of 
heat shock protein 60 expression and T Lymphocytes bearing α /β or 
γ/δ receptor in human atherosclerotic lesions American journal of 
pathology 1993;142:1927-1937 
34. Kol Amir, Andrew H. Lichtman, Robert W. Finberg, Peter Libby, 
and Evelyn A. Kurt-Jones Cutting edge: Heat shock protein (HSP 60) 
activates the innate immune response: for HSP 60 activation of 
mononuclear cells The Journal of immunology , 2000; 164:13-17 
35. Lamster I.B &Noack , M.J host mediators in gingival crevicular fluid 
; implications for pathogenesis of periodontal disease. Critical reviews 
in oral biology and medicine 1992; 3, 31-60 
 
 
 
Bibliography 
 
 
 
66 
 
36. Lopatin DE, Shelburne CE, Vanpoperin N, Kowalski CJ, 
Bagramian RA Humoral immunity to stress proteins and periodontal 
disease J Periodontol 1999;70:1185-1193 
37. Lu B, McBride BC Stress response of Porphyromonas gingivalis Oral 
Microbiol Immunol 1994;9:166-173 
38. Lundqvist C, Baranov V, Teglund S, Hammarstrom S, 
Hammarstrom  ML Cytokine profile and ultrstructure of 
intraepithelial gamma delta T cells in chronically inflamed gingiva 
suggest a cytotoxic effector function J immunol 1994;153:2302-2312 
39. Miller, Foley JD, Bailey AL, Campell CL, Humphries 
RL, Christodoulides N, Floriano PN, Simmons G, Bhagwandin 
B, Jacobson JW, Redding SW, Ebersole JL, McDevitt JT. Current 
developments in salivary diagnostics.Biomark Med. 2010 ;4(1):171-
89. 
40. Morimoto RI. Regulation of the heat shock transcriptional response: 
Cross talk between a family of heat shock factors, molecular 
chaperones, and negative regulators. Genes Dev 1999; 12:3788-3796 
41. Nakajima, T. Oda, Y. Ohsawa, H. Ito, G.J. Seymour, K. Yamazaki 
Regulatory T-cells Infiltrate Periodontal Disease Tissues Journal of 
Dental Research July 2005 vol. 84 no. 7 639-643 
42. Navarro MA, Mesia R, Diez-Gibert O, Rueda A, Ojeda B, Alonso 
MC Epidermal growth factor in plasma and saliva of patients with 
 
 
 
Bibliography 
 
 
 
67 
 
active breast cancer and breast cancer patients in follow-up compared 
with healthy women. Breast Cancer Res Treat 1997; 42: 83±86. 
43. Navazesh M  Methods for collecting saliva. Ann NY Acad Sci 1993; 
694: 72±77. 
44. Newman, Takei, Klokkevold and Carranza. Carranza’s Clinical 
Periodontology 10th edition 2006.  
45. Noack B, Genco RJ, Trevisan M, Grossi S, Zambon JJ, De Nardin 
E. Periodontal infections contribute to elevated systemic C-reactive 
protein level. J Periodontol 2001;72:1221-7. 
46. Offenbacher S, Jared HL, O'Reilly PG, Wells SR, Salvi 
GE, Lawrence HP, Socransky SS, Beck JD. Potential pathogenic 
mechanisms of periodontitis associated pregnancy complications. Ann 
Periodontol. 1998 Jul;3(1):233-50. 
47.  Offenbacher S, Slade GD Beck JD, Heiss G, Pankow JS. Acute-
phase inflammatory response to periodontal disease in the US 
population. J Dent Res. 2000;79(1):49-57. 
48. Offenbacher, S.P.Barros, R.E.Singer , K.Moss, R.C. Williams , 
J.D. Beck. Periodontal disease at the biofilm-gingival interface. 
Journal of Periodontology.2007;78:1911-1925. 
 
 
 
Bibliography 
 
 
 
68 
 
49. Orima K, Yamazaki K, Aoyagi T, Hara K. Different expression of 
Costimulatory molecules in chronic inflammatory periodontal disease 
tissue. Clin Exp Immunol 1999; 115: 153-160. 
50. Patricia Yen Bee NG, Maureen Donley, Ernest Hausmann, Alan D. 
Hutson, Edward F. Rossomando, and Frank A. Scannapieco 
Candidate salivary biomarkers associated with alveolar bone loss: 
cross-sectional and in vitro studies FEMS Immunol Med Microbiol. 
2007 March ; 49(2): 252–260 
51. Pazderaa Jindrich, Karel Indrakb Saliva as a diagnostic medium. 
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2009, 
153(2):103–110. 
52. Perschinka Hannes, Manual Mayr, Gunda Millonig, Christina 
Mayerl, Ruurd Van der Zee, Sandra G. Morrison, Richard P. 
Morrison, Qingbo Xu, Georg Wick Arterioscler Thromb Vasc Biol 
2003;23:1060-1065. 
53. Petit MD, Wassenaar A, Van der veldon U, Van Eden W, Loss BG 
Depressed responsiveness of peripheral blood mononuclear cells to 
heat shock proteins in periodontitis patients J Dent Res 1999;78: 1393- 
1400 
54. Pink Richard, Jiri Simek, Jana Vondrakova, Edgar Faber, Petr 
Michl, Roman Kleindienst, Qingbo Xu, Johann Willeit, Ferinand 
 
 
 
Bibliography 
 
 
 
69 
 
R. Waldenberger, Sepp Weimann, Georg Wick,MD; Am J Pathol 
1993; 142:1927-1937 
55. Plequezuelos O, Dainty SJ,  Kapas S, Taylor JJ A human oral 
keratinocyto cell line responds to human heat shock  protein 60 
through activation of ERK1/2 MAP kinases and up- regulation of IL 
1β Clin Exp Immunol 2005 ; 141: 307-314 
56. Pockley Graham, Julie Bulmer, Brenka M. Hanks and Barbara H. 
Wright Cell stress and Chaperones 1999;4:29-35 
57. Pockley Graham, Ruhia Wu, Carola Lemne, Rolf Kiessling, Ulf de 
Faire, Johan Frostegard Hypertension 2000;36:303-307 
58. Qing Zhong Xiao, MD;  Kaushik Mandal , MD;  Georg Schett, 
MD; Manuel Mayr, MD, PhD; Georg Wick,MD; Friedrich 
Oberhollenzer, MD; Johann Willeit, MD; Stefan Kiechl, MD; 
Qingbo Xu, MD, PhD Stroke 2005;36: 2571-2576 
59. Rai Balwant Salivary Levels of Tumor Necrosis Factor-Alpha in 
Periodontitis Advances in Medical and Dental Sciences, 2(2): 40-41, 
2008 
60. Reinhardt RA, Bolton RW, McDonald TL, DuBois LM, Kaldahl 
WB. In situ lymphocyte subpopulations from active versus stable 
periodontal sites J Periodontol 1988; 59: 656-670 
 
 
 
Bibliography 
 
 
 
70 
 
61. Renvert S, Lindahl C, Roos-Jansåker AM, Lessem J. Short-term 
effects of an anti-inflammatory treatment on clinical parameters and 
serum levels of C-reactive protein and proinflammatory cytokines in 
subjects with periodontitis. J Periodontol. 2009 Jun;80(6):892-900. 
62. Ruhl S, Hamberger S, Betz R, Sukkar T, Schmalz G, Seymour 
RA, Hiller KA, Thomason JM. Salivary proteins and cytokines in 
drug-induced gingival overgrowth. J Dent Res. 2004 ;83(4):322-6 
63. Shamaei-Tousi A,D Aiuto Nibali L, Steptoe A, Coates ARM, 
Parkar M, Donos N, Henderson B Differential Regulation of 
circulatory levels of molecular chaperones in patients undergoing 
treatment for periodontal disease Plos One 2007; 11:1-7 
64. Skar C, Kruger PG, Bakken V Characterisation and subcellular 
localisation of the GroEL like and DnaK like proteins isolated from 
Fusobacterium nucleatum ATCC 10953 Anaerobe 2003; 9:305-312  
65. Socransky SS. & Haffajee AD Microbiology of periodontal diseases: 
introduction Periodontol 2000. 2005;38:9-12.    
66. Streckfus C, Bigler L, Dellinger T, Pfeifer M, Rose A, Thigpen JT . 
CA15-3 and c-erbB-2 presence in the saliva of women. Clin Oral 
Invest 1999 ; 3: 138±143. 
67. Streckfus CF, Bigler L, Navazesh M, Al-Hashimi I. Cytokine 
concentrations in stimulated whole saliva among patients with primary 
 
 
 
Bibliography 
 
 
 
71 
 
SjoÈ gren's, secondary SjoÈ gren's syn- drome, and primary SjoÈ 
gren's syndrome receiving varying doses of interferon for symptomatic 
treatment of the condition: a preliminary study. J Clin Oral Invest 
2001; 5: 133±135. 
68. Tabeta K, Yamazaki K, Hotokezaka H, Yoshie H, Hara K Elevated 
Humoral immune response to heat shock protein 60 family in 
periodontitis patients Clin Exp Immunol 2000; 120:285-293 
69. Tabeta K, Yoshi H, Yamazaki K Characterisation of serum antibody 
to Aggregatibacter actinomycetemcomitans GroEL- like protein in 
periodontitis patients and healthy subjects Oral Microbiol Immunol 
2001; 16:290-295 
70. Teles RP , Likhari V, Socransky SS, Haffajee AD. Salivary cytokine 
levels in subjects with chronic periodontitis and in periodontally 
healthy individuals: a cross-sectional study.J Periodontal Res. 2009 
;44(3):411-7.  
71. Thomas V. Mark,  Adam Branscum,  Craig S. Miller, Jeffrey 
Ebersole,  Mohanad Al-Sabbagh,  and Julie L. Schuster Within-
Subject Variability in Repeated Measures of Salivary Analytes in 
Healthy Adults Journal of Periodontology  2009, Vol. 80, No. 7, 1146-
1153. 
 
 
 
Bibliography 
 
 
 
72 
 
72. Todorovic Tatjana, Ivan Dozic , Mario Vicente Barrero, Besir 
Ljuskovic, Janko Pejovic, Marjan Marjanovic, Milan Knezevic  
Salivary enzymes and periodontal disease Med Oral Patol Oral Cir 
Bucal 2006;11:E115-9. 
73. Ueki .K, Tabeta K, Yoshie H, Yamazaki K Self heat shock protein 
60 induces tumor necrosis factor- alpha in monocyte-derived 
macrophage: Possible role in chronic inflammatory periodontal disease 
Clin Exp Immunol 2002; 127:72-77 
74. Vayssier C, Mayrand D, Grenier D Detection of stress proteins in 
Porphyromonas gingivalis an other oral bacteria by western 
immunoblotting analysis FEMS Microbiol Lett 1994; 121: 303-307 
75. Wassenar A, Reinhardus C, Thepen T, Abraham-Inpijn L, Kievits 
F. Cloning, characterization, and antigen specificity of T-lymphocyte 
subsets extracted from gingival tissue of chronic adult periodontitis 
patients. Infect Immun 1995; 63: 2147-2153. 
76. Watanaba S, Takubo N, Hirai I, Hitsumoto Y Ig G and Ig A 
antibody titres against human heat shock protein ( HSP 60 ) in sera of 
rheumatoid arthritis and osteoarthritis patients Mod Rheumatol 2003; 
13: 22-26 
77. Württenberger Wand,  Bernd Schoel ,  Juraj Ivanyi ,  Stefan H. E. 
Kaufmann Surface expression by mononuclear phagocytes of an 
 
 
 
Bibliography 
 
 
 
73 
 
epitope shared with mycobacterial heat shock protein 60 European 
journal of immunology Volume 21, Issue 4, pages 1089–1092, April 
1991 
78. Xu Qingbo, MD,PhD; Georg Schett, MD; Hannes Perschinka, MS; 
Manuel Mayr, MD, PhD; Friedrich Oberhollenzer, MD; Johann 
Willeit, MD; Stefan Kiechl, MD; Georg Wick,MD; Circulation 
2000;102:14-20 
79. Yamazaki K, Ohsava Y, Itoh H, Ukei K, Tabeta J, Oda T, 
Nakajima T, Yoshie H, Saito S, Oguma F, Kodama M, Aizama Y, 
Seymour GJ T cell clonality to Porphyromonas gingivalis and human 
HSP 60 in the patients with atherosclerosis and periodontitis – Oral 
Microbiol Immunol 2004;19:160-167 
80. Yamazaki K, Ohsava Y, Itoh H, Ukei K, Tabeta J, Oda T, Yoshie 
H, Seymour GJ Accumulation of human HSP 60 reactive T cells in 
the gingival tissues of periodontitis patients. Infect Immunol 
2002;70:2492-2501. 
81. Yamazaki K, Ohsava Y, Yoshie H elevated proportions of NK T 
cells in periodontitis lesions Amer J Pathol 2001;158:1391-1398 
82. Yamazaki, K, Ueki-maruayama, Honda, Nakajima, and Seymour. 
Effects of periodontal treatment on the serum antibody levels to heat 
shock proteins. Clin Exp Immunol. 2004;135:478-482 
 
 
 
Bibliography 
 
 
 
74 
 
83. Young RA and Elliot TJ stress protein, infection and immune 
surveillance cell 1989; 59:5-8 
84. Zhang YM, Zhong LJ, Liang P, Liu H, Mu LT, Ai SK. Detection of 
periodontal pathogenic bacteria DNA in coronary atheromatous 
plaques from patients underwent coronary artery bypass graft. 
Zhonghua Xin Xue Guan Bing Za Zhi. 2008 Mar;36(3):215-8. 
 
